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_ LISTEN LIKE IT’S LIVE™ 


Introducing FLARES* PRO. 

A new Bluetooth* wireless earphone 

that produces sound quality so high, 
every recording feels live. 


FLArES 


“Best Bluetooth Wireless Earphone 2017." 
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“Your ears are treated to what feels like such a true representation of the music, 
that songs you've heard hundreds of times suddently feel very exciting again.” 
Mi-Pro 


“Without a doubt they're the best earphones I've had the pleasure to use.” 
Gizmodo 
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LONG LIVE EARS 


WELCOME 


Allow me to borrow one of many great quotes 
from Douglas Adams: “If you try and take a cat 
apart to see how it works. the first thing you 
have on your hands isa nonworking cat 
Adams was talking about the ineffabl 
nature of life itself, but I think his words apply 
pretty well to the study of our brains, While 
dissections, scans and experiments have 
taught usa huge deal about the brain and it 
underlying structures and functions, we're 
still left with some gaping holes in our knowledge. For instance, we 
know most of the population uses the left hemisphere of their brain to 
handle language, but we don't know why that’s the case, We 
understand, to a degree, what changes in brain function lead to 
utism spectrum disorder, but we don’t fully understand what causes 
these changes in the first place 
This is where ‘minibrains’ come in, They start life as abunch of 
colls which are bathed in some genes that effectively hit a 


cellular rewind button, turning them back into stem cells, the putty 


rtured into brain cells 
matter, As they 
develop, their growth is recorded (and in some oir genes 

tered) to reveal piece-by-piece how our brain works. Think of it like 
taking apart a mechanical watch and putting it back together ~ forget 
to put outa cog back in, and you'll find out why it was useful in the 
first place. This is opening up a whole new way to understand the 


from which life is made, These are the 
which, with a little encouragement, coalesce into. 


brain and how it works — find out what's being uncovered on p38, 
Have a great Christmas (and find out how to really nail it on p48), 
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MESSAGE OF THE MONTH 


SLEEP STRUGGLES 


This morning my mother sent me 
your survey on sloop paralysis and 
‘acondition that L was not aware of 
exploding head syndrome, which 
sounds terrible. I completed the 
survey and added mysolf to the 
optional list at the end with the 
hope of maybe hearing some of 

dings. I have suffered from 
sloop paralysis since! was a child, 
and at loast thr 


yor four times a 
Wook. [got it the worst when over: 
Lired and just lying down for bed. 
My father is a doctor who 
specialises in the diagnosis 
of epilepsy and other neurological 
conditions, My question to you, 
Tsuppoxe, is in regards to my 
father’s explanation of how sleep 
paralysis works and whether be is 
right, Dad told mo that wh 
your body goes into a state of sleep called 


REM (rapid eye movement) where by your 


eyes are darting around behind your 
oyolids as you dream, 
The problem with this is that ifthis 


happened every time we went to sleep we 


would be kicking, punching, walking 
ound, you name it when weare 
completely asleep. So to combat this the 


body essentially disconnects its brain from 
its central nervous system as a preventative 
measure. According to Dad, sleep paralysis 


is when your brain is awake but remains 
cut-off from your central nervous system. 
He also went on to explain that this also 
‘counts for people's description of se 
domons or alien 
awake and remain partially asleep. 
Thave nover had such an expe 
that, [ean only open my eyes and control 


my breathing, I can however pull myself out 
of it, and my girlfriend will shake me awake 


which works. 
Matthew Haindl, Sydney, Austealia, 


you fall asleep 


ng 
‘as they are not completely 


you've bad step 


''m glad to hear you found our survey (anyone that 
hasn'teandosoat 

Your dads essentially right: sleep paralysis happens 
whena person wakes up before REM sleeps finished 


lencetocus.com/bigsleepsurvey). 


Your body's ability tomovehasn't been switched on 
yet eventhough you're conscious. In some cases, this 
combination can fuel hallucinations of witches, ghosts 
and ogres, The NHS (www. nhs.uk/conditions/sleep 
paralysis) sa good resource you wantto ind out 
‘more. Plus, keep an eye on sciencefocus.com for our 
follow-up piece Dan Bennett, Editor 


] FAREWELL 
Iwas saddened to read that this 
month’ edition carried Robert 
Matthews’ last column for the 
‘magazine (November, p31). I've been 

subscriber formany years, and 

this was the column [id often tu 
to first, Please forward my th 

s of enjoyal 


HEARME NOW 
| foo! the noed to hold Russell Deoks 
toaccount on a few points in his 
reply to Roger Britton's Message Of 
The Week (November, p14), Cards on 
the table jusic lover and 
audiophile who profors CD, though 
ignostically. I profer th 
convenience and the fact t 
do not wear rather than possessing. 
an ‘ideological’ view 
Russell perpetuates 


myth or 


two, and is rather vague in his 
know th 


arguments. Most peopl 

CD's original sampling & 
heory suggest 

quencies were 


higher audible 
and therefore irrelevant. The 
s was a mistake 
libly high 
frequencies did affect what we 

hear gained ground steadily, and 
SACD and DVD-Audio were 
created to address this weakness. 
The latter went nowhere, and lange 
scale double-blind testing has 
that even discerning 

ot tell the differenc: 
between CD and SACD (Lown 
SACDs and I certainly can't) with 
the caveat that at high volumes, a 
lower noise floor exists in SACI 
Lam therefore deeply sceptical 
about the claim that “much of the 
harmonic information is lost 

CD. 1 would suggest that in using 
imprecise terminology and 


lost harmony 
appeal to the heart. not the head, 

And if sampling rate beyond 
:D-grade is not audible, the fact 
that much of today’s vinyl was 
originally recorded in digital form 
is perhaps best not contemplated 
too much. 

Talso cannot tell the difference 
between CD copies taken from 
vinyl and the original source, 
suggesting either that there is no 
magic that doesn't translate in 
ones and zeros, or that Lam cloth 
eared beyond redemptio 
‘Simon Bartlet, a email 


early allmusic today is ndeed recorded 
Aigialy, but Simon conveniently overlooks 
also moved to 24-bi/96kHz recording asa 


hhearetAsfor the 1-bit/44.tkesampling —{ Simantartettsuys 
rateforC0,as understand itthisratewas | @Dlsasgoodas 
seundcanget 


Increasedto 12emto alow a playback tine of 


Sth Symphony to ft onto one disc 


However a8 |saidlastmonth, what any of 


| wecertainlyaren’t suggesting Mr Bartlett 


should replace his CDs it 


ussell Deeks, contributing editor 


¥ Following Robert Matthew's columnon 
jodhart’s Law (October, p23),We: 


oyed 


E this ilustration by @sketchplanator on 


E Twitter which explains the idea perfectly! 
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HIDDEN CHAMBER FOUND IN GREAT 
PYRAMID USING COSMIC RAYS 


How sub-atomic particle detectors are enabling archaeologists 
to peer inside ancient structures as never before 


 f | wv 


Ichordelectronics Ichordaudio Ichordelectronics chordelectronics.co.uk 


DISCOVERIES 


rchwoologists have uncovered a mysterious 
chamber deep within the Great Pyramid of 
Gina, using « cutting-edge imagi 


hnique based on the detection of subatomic 
particles created by cosmic rays, 

Dubbed the Scan Pyramids Big Void, after the 
name of the project that discovered it, the cavity is 
approximately 30m longand 3m 
situated above the Grand Gallery, a large corridor 


that connects the two largest of the iconic 
structure's three main chambers 

The Great Pyramid, also known as Khufu 
Pyramid, was built during the reign of Pharaoh 
Khufu, whor 2500 to 2483 BC. Despite 
ye consensus on exactly 
how the monument was tod. 

As yet the precise structure and role of the newly 
discovered void remain unknown, but the findings 
may pave the way for further studies that could help 
rosvarchers to understand the pyramid and its 


8 of research, therv 


construction process. 
No important internal structures have been 
found in the Py since 820AD, when the Calif 


GATHER Ni 
INFORMATION IN 


ARCHA 


ost of the structure we know today, 


i Tayoubi from Cairo University 


Finding somethings important, in terms of size 


4s the Grand Gallery isan important breakthrough. 


high 


ther data from 


upper atmosphere. By piecing 
several dif am werwable to 
form a three-<dim 


‘Our discovery is the fthe 


ng to gather new 


's Kunihiro Morishima. “The Big Vi 
touched by anyone since t 


the pyramid 4,500 years ago, so if there are some 


artefacts inside the bi 
important for w 

The team now plan 
Void, in 


WHAT ARE MUONS? 


Mu 


id subatomic Ar 
lepton family- me 
ms, though 


are negatively ch nel 10,000 muons re 


every square 
of the Earth's surface each minute 
They arecreated when cosmicrays—high 


same family as ole 
are much heavier. Like ¢ 
thought tobe made up 
mak’ 

They were first discovered in 193 


ide with 


ny smaller particles, outside the Solar System — cc 


hema so-called elementary particle, molec 
byNobel mu 


sin the upper atmosphere. As 
as don't interact very strongly with 
and 


Prizo-winni 
Seth Neddermeyer at Caltech in the US while 


, they are able to travel thr 


physicist Carl An 


objects ~including our own bod 


hey were studyiny into the surface of the Earth. 


eancading throught 


Thanks to thelr ability to 
penetratedeep into solid matter, 
‘muons can be used to image the 
Internal structure of objects ina 
‘manner similar to X-rays 
Detectors ae placed in strategic 
positionsaround theabject to 
be scanned, and left running for 
several months, Overtimea 
pattern of detections bulls up, 
revealing the void areas where 
muons passed through 
without issue, and the denser 
areas where some of them were 
absorbed or scattered. The Internal 
structure of the objectcan 
theretore be discerned 
The technique has previously 
beenused to reliably image and 
create 30 models ofthe interior of 
volcanoes, making dearthe 
distinction between rocks of 


diferent temperatures, water, and 


volds beneath the surface, and 
alsoto probe the ruins left behind 
in the wake of the Fukushima 
Daiichi nuclear disaster. 


DISCOVERIES 


COCKATOOS ARE SKILFUL 
SHAPE-SORTERS 


Who's clever boy, then? Goffin’s coc 

species of small parrot native to Austral 

beon shown to have similar shape-recognition 
ios to a human two-year-old. 

‘Though not known to use tools in wild, the 
birds have proved adept at tool use in captivity. In 
‘recent experiment at the University of Vienna 
and the University of Veterinary Me enna, 
cock esented with box with a nut 
inside ar front of the box had a keyhole’ 
in agoometric shape, and the birds were given 
five differently shaped ‘keys’ to choose from. 
Inserting the correct ‘key’ would release the nut 

In humans, babies can put a round shape ina 
round hole from around one year of age, but it will 
be another year before they're able to do the sam 
with less symmetrical shapes such as squares, 
triangles or crosses, This ability to recognise that 


a shape will need to be rotated into a specific 
orientation before it will fit is called an 
‘allocentric frame of reference’ In the tests in 
Vienna, the Goffin’s cockatoos were able to select 
the right tool for the job, in most cases, by visual 
recognition alone. Where trial-and-er 
involved. the cockatoos fared better than apes and 
monkeys have in similar tests. 

This indicates that [Goffin's cockatoos] do 
indeed possess an allocentric frame of reference 
when moving objects in space, similar to tw 
year-old toddlers,” said Alice Auersperg, head of 

University of Veterinary 


Vieni 
t step, say the researchers, is to try and 
work out whether the cockatoos rely entirely on 
visual clues, or also use a senso of touch i 

making their shape selections. 


Cotta scochatoos have 

‘shape-recopnition 
ablaties ain those of 
‘human two-year-okt 
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DINOSAUR-KILLING ASTEROID 
IMPACT WAS WORSE THAN 


WE THOUGHT 


‘Some 66 million years ago, an asteroid struck 
the Yucatan peninsula in Central America, 
forming the Chicxulub crater and wiping out 
the dinosaurs in what is known as the 
Cretaceous-Paleogene (K-Pg) extinction 
event, But two new pieces of research suggest 
that this impact was even n aclysmic 
than was previously believed 

A new study published in the journ: 
Geophysical Research Letters shows that up 
to threo times as much sulphur may have 
boe« nto the a 
of the impact than previous models hav 
suggested. This would have led toa longer 
period of global cooling, which helps to 
explain the devastatiny 
fauna at the tin 

“Many clin 
capture all of the consequences of the 
Chiexu 
much gas was initially released,” said the 
paper's lead a 


ub impact, due to uncertainty in how 


geophysicist at Imperial College London, “We 
‘wanted to revisit this significant event and 
rofins lel to better capture its 
immediate effects on the atmosphere, 

But perhaps moro surprising are the results 
ofa study conducted at Japan's Meteorological 
Instituto and Tohoku University, In a papor 
just published in the journal Nature, 
researchers Kunio Kaiho and Naga Oshima 
show that the high le 
that causod the mass 
extinction were « resull of the rocks on the 
peninsula being particularly rich in 
hydrocarbons. Such rocks covered only 
ound 13 per cent of the world’s surface, 
d the impact oce 
where the rocks W 
hydrocarbons, the dinosaurs would most 
likely have survived, 

In other words, the chances of the asteroid 
impact killing off the dinosaurs as it did w 
only slightly more than one in 10, Unlucky. 


pur collision 


Is of soot and 


pence 
SIX 
MONTHS 


The average time is takes 
to shed extra pounds put 
on through over-indulging 
during the holiday period, 
asestimated by ateamat 

‘Tampere University, Finland, 


23 


‘Theamount of energy used 
globally by Bitcoin miners 
each year. That's just short 
of the 24.8 terawatt hours 
generated by renewable 
‘energy worldwide in 2016, 


20 
MILLION 


‘The number of lives saved 
‘worldwide by the measles 
vaccine since the turn of the 
millennium, as calculated 
by the Centers for Disease 
Control and Prevention. 


CHRISTMAS 2017 


Poa 


have more efficient brains’ 


BELOW: The baie 
‘defautmode network? 
Nhatpreviouly beenlinked 
tadaysreaming 


It’s usually considered bad when your mind wanders. But research 


‘What'sthe difference between daydreaming and 
mind-wandering? 

Researchers are interested in identifying different 
types of what are called ‘ofFtask behaviours: Mind 
Wandering is coherent train of thought— you 
might bo thinking about the fact that you 

pick up your dry cleaning, pick up the kids fre 
school, food the dog, Whereas day dreaming is not 
goal-directed ~a creative endeavour, thinking about 
things that con't exist, W 
abilities that relate to the tendency to mind-wander. 


wore inter 


How did you measure mind-wandering? 
We gave over 100 participants questions like, ‘On 
the bus, do you think about what you had fo 
breakfast?" All of our m 
tond to wander sometimes, but 
thereare individual 
differonces. So we measured 
brain activity at rest: we put 
participants in an MRI scanner 
and had them lie there in the 
dark, staring at a plus sign o 
screen, for about 19 minutes. 
Their minds were probably 
wandering at that time, 


by Dr Eric Schumacher of Georgia Tech suggests ‘mind-wandering’ 
means your brain has enough cognitive capacity to multi-task 


Which brain circuits are involved? 
MRI scans are useful for identifying networks of 
brain regions that work together to carry out 
behaviour. One is the ‘default mode network’.a 
collection of regions in the middle-front and 
middle-back part of your brain rolated to internally 
focused attention’: When you're thinking about 
1ories or your mind is wandering, those regions 
are more active. One of the measu 

how connected that default mode! 


What did you find out? 
There'san idea that when your default mode 
network is connected and active at rest, your brain 
islikely tobe moreefficient at other times. To test 
this idea, we had subjects perfo pote 
associates’ task, a measure of creativity. Particip 
are given three words and have to identify a word 
that links them to —for instance, they might 
see the words ‘widow’, ‘monkey’ and ‘web’, and they 
think of the word ‘spider’ 

Wealso had a measure of fluid intelligence, the 
ability to solve problems, called Raven's advanced 
progressive matrices task. In this test, you 
ight shapes and have to identify the ninth on 
would fill in the pattern. 


haveto 


tha 


ABOVE ating your 
mind wander may nck 
‘emschabadthing 
sterall 


Our key finding was that people who tended to 
mind-wander more during their daily livws ton 
to have more efficient brains ~they tended to score 
higher on the creativity and fluid intelligence tasks. 
‘What we show is that there may bo times when our 
minds wander that’s not necessarily maladaptive. 
kabout other things that are important 
oring the task ath 


or perform 
something our information-prooessing system is 
aware of, and allocates {mental] capacity to achieve 
‘our many goals. 


Sof mind-wanderingisn't abad thing, could it 
actually be good foryou? 

We would need to know much more. 
creativity? Then we might be able to say: is the 
mind-wandering maladaptive or adaptive? 
practical implication of this research might be 
that ifa person finds themselves mind-wanderinga 
Jot and they're still gotting good grades in school 
still performing efficiently at work, then maybe 
they shouldn't worry about the fact that sometimes 
they find themselves mind-wandering, 


asure an individual's intelligence, their 


THEY DID WHAT?: 


SHEEP TRAINED 
TO RECOGNISE 
CELEBRITIES 


What did they do? 
Ateamat the University of Cambridge 
placed eight sheep in apen one at atime 
‘Atone end, they displayed twa 


‘on computer screens - one of 


photograp 
acelebrity and one of a random person — 
frared detectorson each of 
brities used were Fiona 
Bruce, jake Gyllenh amaand 
ma Watson, W ep moved 
towards the celebrity photograph they 
reward. ifthey chose the 
aph,a buzzer would sound 
ve noth 


eceived afo 


What did they find? 
After training, the sheep were able to 
choose the photograph of the celebrity 
face eight times out of ten from the frant, 
and around seven times out of ten when 
show the face fram the side 


Why did they do that? 
long-lived and have brains that 
and complexity to those 
they can 
derstand 
fh as Huntington's 
wer alongtimeand 
tes," said study leader 


dels to help us 
of the brain, 
disease, that 
affect cognitive 
Prof jenny Merto 


DISCOVERIES HRISTMA’ 


[space | 
MASSIVE NEW EXOPLANET 
SHOULDN'T, IN THEORY, EXIST 


Wall, this is abit of headscratcher. they're so large and orbit their 

Recently discovered exoplanet parent so closely, they cause 

NGTS-1b is causing astronomers to significant, regular dips in its DOGS 

rethink their ideas about how planets brightness, and as a result are among People have more empathy for dogsthan their 

come into being, because according the easiest exoplanets to spot. It's fellow humans, a study at Northeastern 

to current theories, such a large believed they form, like Jupiter, in University, Boston has found. Subjects who read 

planet should not be able to from _the outer reaches ofa solar system, about dogs being beaten were more moved than 

around a star assmall asits parent. before migrating inwards ~ but such those who read similar stories about humans. 
NGTS-tb is the first exoplanet ‘an explanation assumes the presence 

discovered by the Next-Generation _ of a main sequence star such as our THE AMIS 

Transit Survey. This international own Sun. According to curn ; 

initiative, based at the Paranal theories, a red dwarf like NGTS- 

Observatory in Atacama, Ch which is only half that sia 

an array of 12 telescopes toscana only have enough gravity 

small area of sky repeatedly over rocky planets, not gas giants. 
eral months. By detecting a dip in “Having worked for almost a 


brightness, every 2.65 days, ofthe decade to develop the NGTS 
light coming from a red dwarf star _telescope array, it’s th 
dubbed NGTS-1, astronomers were picking out new and unexpe GOOD MONTH 
able to determine that a ‘hot Jupiter’- types of planets,” said Prof P 
type exoplanet is orbiting the star. Wheatley of the University of 
‘Hot Jupiters' are gas giants like Warwick, who is head of the NG 


our own Jupiter} which aremuch project. The team's next challenge paannras 
priheap ermeetsopone oe Le pepe oo FAST EATEI 
Jupiter isto our own Sun. Because planetary systems ike t Taking your time a the dinner table coutd lead 
toatrimmer, healthier you. A study led by the 
‘American Heart Assoclation has found that 
slow eatersare significantly les likely to sutfer 
from obesity, heart disease and stroke 


A genetic mutation found in some members of 

an Amish community in Indiana, USA can help 

them tolive up toa decade longerthan people 

without it,a study at Northwestern University 
has found, 


NEWLY IDENTIFIED ORANGUTAN aaa 
IS WORLD'S MOST ENDANGERED — i 
GREAT APE SPECIES 


crs a hotter 
sritingnred we ota _ 
iden eo wert RAN 
Pelevedtebe pers 


NAR PEDANTS 
Researchers from the University of 
Pennsylvania have found that the English 


A population of orangutans that lives in a remote 
part of northern Sumatra, and that was only 
discovered in 1997, has now been identified as 
separate species. With only around 800 
individuals known to exist, it's no 
thi 
It was once believed that all orangutans were 
one species, but since 1996 science has 


ratened of all great ape species, 


pisod two: the Bornean and Sumatran 
orangutan (Pongo pygmaeus a belli 
tively). The followin; 

rumoured population of orangutans living in th 
Batang Toru region of northern Sumatra was s 
forthe first time, but initially the apes were 
thought to be of the species P. abelli. 

However, close study of an adult skeleton found 
in 2013 has rowaled significant differences i 
skull and teeth of the Batang Toru apes, 


their new classification: Pongo tapanuliensis, or 
the Tapull orangutan. Genomic anal 


that the species must have split f 
around 70,000 years 

The Batang 7 
direct descendants of the initial orangutans that 


ans appear to be 


had migrated from mainland Asia, and thus 
constitute the oldest evolutionary line within the 
genus Pongo,” said lead author Alexander Nater, 


‘om the University of Zurich, 
With just 800 individuals known, 
P. tapanuliensis goes straight to the top of t 
league tak least 
areas of its habitat are threatened by 
plans to build a hydroelectric dam in the re 
jews for P. abelli in that 
regard, either—there are now 800 less of them 


The discovery isn't g 


than was previously believed. 


language is evolving by random chance, and is 
subject to the same ‘drift found in natural 
selection in the animal kingdom. 


MENTAL HEALTH 


HALLUCINOGENIC DRUG BREWED BY 
AMAZONIANS COULD BE USED TO TREAT 
ALCOHOLISM AND DEPRESSION 


A psychedelic drug traditionally used in South 
American shamanic ceremonies could be used to 
treat alcoholism and depression, new research 
from tho University of Exoter and Universi 
College London suggests. 

Previous studies have suggested that LSD and 

ic mushrooms can help alcoholics tackle their 
addiction, but now ayahuasca, a psychedelic brew 

in consumed in rituals in the Amazon r 

hown promise. 

The brew is made from a blend of the bush 
Psychotria viridis and the stems of the 
Banisteriopsis caapi vine. Itis used in rituals by 
indigenous tribes and religious groups in the 

ly popular with 
yehedelic experiences. Thi 


on,as well as being incr 


concoction contains dimothyltryptamine 
(DMT), Class A prohibited drug in the UK 


IF YOU ARE 
WORRIED ABOUT 
YOUR ALCOHOL 

USE, CONTACT 
ALCOHOLICS 
ANONYMOUS 
‘ON 0800 917 

7650. IF YOU ARE 
CONCERNED 
ABOUT YOUR 
MENTAL HEALTH, 
VISIT MIND.ORG.UK 


Taking Global Drug Survey data from m 
than 96,000 people worldswi¢ 
ayahuasca users, 18,138 who used LSD or magic 


includ in, 


mushrooms and 78,236 non-drug the team 
found that ayahuasca users reported lowe 
problematic alcohol use than people who 
LSD or magic mushrooms, and hig] 
well-being than other responde 
These findings lend some support to th 
notion that ayahuasca could bea powerful 
ing depression and alcohol use disorders, 
1 author Dr Will Lawn, of Unive 
e London. “Recent research has show 
ayahuasca’s potential as a psychiatric medi 
and our current study provides further evidence 
tment — though it 


important to note that th purely 


that it may bea promisin 


MYSTERIOUS ZOMBIE STAR KEEPS 
EXPLODING, BUT WON'T DIE 


js a light that never 
tional team of astronomers 


Morrissey was right — th 
goes out! An 
has made a bizarre discovery: astar that has 
exploded repeatedly, yet carries on shining 
When stars of a certain size reach the end of 
their lifecycle, they explode in energetic casmic 
events known as supernovae. Such explosions 
have been recorded by astronomers thousands 
oft . such an 


now scientists seem to have found an exception 
in iPTF14hls, a supernova that has exploded at 
least twice in the past 70 years. 

“This supernova breaks everythi 
thought we knew about how they work. It's the 
biggest puzzle I Imost a 
decade of studying stellar explosions,” s 
lair Arcavi of Las Cumbres Observatory 

iPTFiahls was discovered in 2014 by 
researchers at Caltech. At first it appe 


normal, but seven months after it faded it began 
growing in brightness. When astronomers went 
back and looked at archival data, they fou 
evidence of an explo: 1 

location. The star has somehow survived the 
first explosion, only to explode again in 2014. 


type of 
events,” said Dr Pe AL first we 
tho bor 


Supernevae are 

suppored'o oy 
Inappen once, but try 
‘ling PTAs that 


THE DOWNLOAD 


1y Heracles? 
Nope, It'sared giant star, 
located 320 light-years 
from Earthin the 
constellation of Hydra, that 
was recently observed in 
unprecedented detail by 
researchersat the ALMA 
Observatory inChile 


What's special about it? 
Whenitstarted life, W 
Hydrae had avery similar 
masstothe Sun, makingit 
anideal subject to study to 
learn more about the 
ultimate fate of our Solar 
‘System's own star 


Tell me more! 
Stars lke the Sun age over 
‘many billions of years, AS 
they reach oldage they 
‘swell up, becominglanger 
and cooler as they grow, 
and losing mass thanksto 
theaction of solar winds, 
Duringthis tage, they 
release elements for the 
formation of newstarsand 
‘evenlife, suchas carbon 
and nitrogen, into space. 

Currently, W Hydrae is 
around twicethe size of 
theEarth’s orbitaround 
the un, 


Sowhat's next? 
‘Theteam plan totake 
further, moreaccurate, 
images in ordertostudy 
how the processes change 
asthestarages. 


PALAEONTOLOGY 


TEETH SHED NEW LIGHT ON MAN'S 


EARLIEST ORIGINS 


Two fossilised tooth found 
‘coast’ have heen identified 
hb to two previously unknown 

« of small, rat-like crvature that lived 

145 million years ago, during the Early 
Cretaceous period. The tw 
been named Du 
Durlst 


and showed them 
till, who, excited 
by the find, consulted Dr Steve Sweetman, an 


sontirm 
remarkabl 


ven at first glance my jaw dropped. The ti 


THINGS WE 
LEARNED THIS 
MONTH 


[BLUE LIGHT CAN | 
[us FOLLOWING 


atthe University of Granada 
has found that blue lighting 
can help ustocalmdown 


[oocs ARE] 
[covour pun 


|COULD HELP US 


High levels ofthe 
tantsergothioneine 


wth 


PHAIDON ) 


This groundbreaking book features 300 
inspiring images over 350 pages, chosen 
by an international panel of experts led by 
astronomer Paul Murdin. 


“What makes this book unique is that as well as 
the breath-taking images taken with telescopes 
and the drawings of historical astronomers, it 
also includes the creative representations that 
have sprung from the minds of artists” 

- The Observer 


Turn your smartphone into 
a wireless high-res digital 
audio player 


© CHORD o 


‘Chord Electronios Did 


aupl 


MADEIN THE 
UNITED KNGDOM 


Combine the Poly streaming module 

with the Multi-award-winning Mojo DAG/T 
gna . 
jeadphone ‘ampiand effortlessly stream 
iusic from your devices both at home and 


@ go, wirelessly. 
Av 


Available now from\amazon.couk 
iscover.more: chardmojo.com 
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INNOVATIONS 


PREPARE YOURSELF FOR TOMORROW 


Pimax'smwVReystem 
rabesthe graphics bar 
‘ain resolution 


 ——_ aa 


GAMECHANGERS 


As the year draws to a close, we take a look back at the tech and 
gadgets that left a mark in 2017... 


reality headsets that 
VR is evolving. Consumer VR 
yme in two flavours. Either you 
wear a costly headset connected to an even more 
expensive PG/Mac, or you tuck your phone into a 
visor, which is less immersive but a lot cheaper. But 
now there's Oculus Go, a standalone dedicated VR 
headset and handheld controller that require no 
other hardware — giving you the best of both worlds 
for just $199 (£150 approx). 


Meanwhile, a new headset from Japanese start-up 
Pimax VR recently broke the Kickstarter funding 
record previously held by Oculus Rift. Their headset 
promises unparalled immersion, with each eye 
treated to its awn 4K display. 

But while VR has been big news in 2017, it wasn't 
the only technology to be developing apace. So over 
the next eight pages, we look at some of the hottest 
topics in tech in 2017, from robots to AI to electric 
cars, and ask, ‘Where next?”. The future starts here... 


7 


INNOVATIONS: GAMECHANGERS 


king its dosign cues from hybrid 
portables, ZTE’s latest smartphone 
features a hinged body and two 
5.2-Inch screens. You can have one 
screon mirror the other, multi-task 
in two different apps or com 
the two into ono large display. 
ZTE hoon 

£500 oppron ft rien 


Sony's robot dog was an instant hit 
in 1999, and went on to sell over 
150,000 units. And now it’s back 
with improved robotic movement, 
‘enhanced 21st Century Al smarts 
‘and a camera in its nose. It goes on 
salo in Japan from January. 

ER.000 (11.300 eppren. vy. cele 


CREEN Et 
This is the only TV that makes us a 
little weak at the knees. The OLED 
display moans thera’s no need for 
backlighting, making it thinner, 
lighter and more visually accurate 
than most. Weighing in at 7.7kg the 
‘TV it can be mounted on magnets. 
tc Signet O10 TVW 

{5929.00 


This is the first Phone we've been 
excited about in a long time. There's 
not actually a lot of new tech 

here, but it’s the way it's been put 
together. The edge-to-edge OLED 
display, True Depth Camera and 
slick interface make it feel like the 
phone of the future. 

here K foo LTR epee 


‘The earphone to rule all earphones, 
these in-cars feature ultra-thin 
drivers, a magnesium body and a 
silver-coated copper cable braided 
in Kevlar. They sound like nothing 
‘else — just don't drop them in the 


$2,495 (CLERD agpoonl wweon come 


drivers that bounce sound off 
nearby walls to create a 3D 
soundstage. There are also some 
nifty EQ options such as Q Sound, 
which adjusts the sound output 
based on metadata in the TV stream. 


Sry Sources 
(2P9 Sy mat er A/ETP, ty roe 


CHRISTMAS 2017 


Nintendo made consoles fun again. 
The switch is a design masterclass. 
Its portability means you can 
‘squeeze in game time wherever you 
are, and it’s simple control system 
Jets you get all your friends and 
family involved. We want one. 
Serunts Seth 

sheet tere co a 


Plug in these pods around your 
house to optimise your wi-fi 
network's bandwidth and range. 
Stream Netflix in one room and 
YouTube in another, and the 
system will shuffle your data 
around the plugs to create capacity 
for both. 


Powe WLP ETE phere core 


Nurphono's eponymous headphanos 
feature both an in-ear bud and an 
over-oar cup, and are tuned to your 
hearing by means of some arcane 
wizardry called ‘otoacoustic profiling’, 
Focus editor Dan says they're among 
tho best headphones he’s ever heard 
un 


od 
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The compact and bijou Spark 

may be one of Dji's tiniest drones 
to date, but it packs the same AI 
obstacle avoidance and gesture 
control as its bigger brothers — and 
it’s a tad more affordale. The drane 
age is officially here. 

a8 Spam 

£50 Gce 


GIRLS ON TI 
Attime of writing, this Lego set 
paying tribute to female pioneers 
of space exploration was the No 1 
best-selling toy on Amazon. The set 
includes four minifigures, plus tiny 
versions of the space shuttle and 
the Hubble Space Telescope. 

Lage Women of RASA 

120 sep inp 


‘The iPhone X grabbed the headlines, 
but Samsung's latest Galaxy phone 
offers very similar specs for a 
whopping £300 less. With Google's 
Pixel 2 phone also just landed, 

the high-end smartphone market 
remains highly competitive. 
Semeing Coleny 28 


rove 62%, soto com 
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CHRISTMAS 2017 


D saansronn | 
PETROL AND DIESEL CARS 
GET AN EVICTION DATE 


Dirty air is making usill.[n fact, 40,000 premature 
deaths per year can b i to poor air quality, 
according to the Royal College of Physicians. So 
nows in July that the: 
clean up our air was welcome, The headline was that 
the sale of petrol and diesel cars and vans would be 
banned by 2040 — with hybrids boing exempt 

But the initiative was greoted by a healthy dose of 


attribut 


ting out to 


scopticism, Firstly, climateand 
environment experts felt the 
deadline wasn't soon enough: we'll 


Silbebeathingmpalucdaror Car Makersare vinci. 


the next 22 y 
scheme didn't explai 
country might prepare fora ne 
influx of cars needing somew 
to plug in. To cope with the extra 


rs. Secondly, the 


need 30GW of extra electricity per 
yoar, equivalent tothe output of 10 
more Hinkley nuclear power 
stations oF 10,000 more wind 
turbines. Finally, the RAC pointed 


‘out that it wasn’t clear what the ban meant for 
drivers, with big cities likely to start imposing their 
own restrictions on polluting vehicles much sooner. 


mism, though. While the 
slacking, car makers from 
Nissan to Volvo to Jaguar are competing 


themsolves in an emissions-freeage, Nissan, which 
produced the Leaf the first prop 
sent it to compete in the 
Mongol Rally, proving that 
you don't need fossil fuels to 
ltalso unveiled 
tations which 


electric car — 


home cha 


how the COMPEtINY to suisse power omit 
reimagine 
‘demand, it’s estimated we'd themselves in near future, while Tesla 


grid at off-peak hours, to lower 
costs, Dyson announced plans 
to build anelectriccar in the 


recently answered the 


anemissions- i200. 
free age 


‘Semi, which 
can haul 36 tonnes for 500 


Plug-in Adventures 
modified Wintan eat 
Twas thefirst electri 

vehicle ta completethe 

TA7Skem Mongol Rally 


ALEXA USHERS IN THE INTERNET OF THINGS 


Focus’s year in tech started at the 
Vegas, where Amazon's 
be found in over 30 products, That trend continued 
all year, with new Alexa devices hitting the shelves 
almost daily, and Amazon itself recently unveiling a 
Echo Spot, 

Echo Connect and, most significantly, Echo Plus, 
which doubles as a fully-fledged smart home bub. 

With Alexa now in so many homes, this is an 
obvious next step. When tech companies first started 
talking about ‘internet fridges’ and other Internet of 
Things (IoT) devices, people laughed: who needed to 
0 online or fumble about in an app to seo if thoy had 
milk, when they could just open the fridge door? But 
introduce Alexa to the mix, and suddenly you can 
‘check if you've got milk, and order more if you 
haven't, without even reaching for your phone. 

‘So expect 2018 to be the year when the loT - Now 
With Voice Control!™ — finally takes off. But at what 
price? Almost as frequent as Alexa product launches 


2ES show in Las 
e assistant Alexa could 


in 2017 were alerts about security weakness 
devices ~ from the Amazon Echo, to Nest security 
‘cameras, to children’s toys and smartwatches aimed 
at kids, which Germany has just gone so far as to ban. 
outright, In May, Daniel Coats, the US Director of 

ational Intelligence, suggested insecure loT devices 
‘could be used to launch cyberattacks on vital 
infrastructure, while a recent report by German 
lists Gemalto found that just 52 per 
cent of data captured by such devices is encrypted. 

John Moor, managing director of the loT Security 
Foundation, told Focus: “At this point in time there 
fare no specific regulations for loT socurity, and that 
explains in part why we are soeing so many 
prob 
form around the key requirements for loT security 

ad we are encouraging governments considering 
regulation to look hard at our expert-led work, 60 4s 
to translate this into useful regulation for responsible 
suppliers, consumers and citizens.” 


lot 


security spec 


ms. But we're starting to sense a consensus 


30 
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[asririciat wretticence | 
Al BEATS PUNY HUMANS 


As Elon Musk and Stephen Hawking issue stark warnings 
about the singularity, Garry Kasparov says we should stop 
worrying and learn to love the all-knowing machine brain 
PHOTO: DEEP DREAM GENERATOR 


IfArtificial Intel 
mart, itwould hi 


complicates o jut and our minds work 


what offoct it will ha Whether you find this terrifying « 


can't even really agreo on what wonderful is important, because public 


. 1 prophecy. Thal 
le find the rapid advance of 


“I'm glad that 
great minds like 
: Stephen 
roy hap “Hawking and 


ont conversations with 


the practical, ALwill 
tochnological advance since the internet 
turned the world into a living, 
data, Itwill be more subt 


AL luminaries such as Demis Hassabis, 
ygle’s DeepMind in Le 
dary tochnologist Ray Ku 


also now at 
idea that Lf 


ik most important to 
ny aud t 


new toch alway: 
0 the chess-playing, 

machines. Meanwhile, there are 

countle 


equality ifautomation hits 
lower-income peo 


Former ches grandmaster 
‘Garry Kasparov was 
{famously beaten by an AL 
system, bat now hes a fem 
Sivorate of the technology 
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STRANGER THINGS 


2017 has been a weird year all round, and it was no different in the 
world of technology, Here's our pick of the year’s tech oddit 


BICKERING BOTS 
in January, an uni 
set two Google Hom 
to ea 

of Twitch ~ the live videostreaming 
channel where people watch each other 


other and thou: 


play games — tuned in to watch. Their 
rambling surreal conversation touched on 
Toronto, the Super Bow! and polar bear 


as each tried ard to convince the other it 
was areal life hui 


ROBOT VICAR 


In May, a church in Wittenberg, Germany 


took delivery of a vaguely humanoid FAR OUT PEAK DULL 
‘obot called Bless U-2, When you p Ever fancied becominga | Got five minutes to 
‘a touchscreen in the robot's chest, ct une, | kill OF five hours? 


set up in 2016 | surprise hit browser 
game Its As if You Were 
Doing Work, whic 

delete 


arms ralsed up and its comp 
‘animated mouth offered up a blessing 
in German, English, Polish, Sp 

French Sadly, though it was only n the 
church fora short ume, 

exhibition marking the SO0th anniversary 
of the Reformation, space in association with 

commercial satelite 


providers NanoRack 


and has over 100,000. 


2 90s Wind! 


you want totry it for 
yourself, head over to 
bitiy/itisasit 


FLYING SQUAD 


SUB MISSION 

in September, the 

avy announced 
twas serapping the 
£30k joystick Lockheed 


SONIC ATTACK 


The weirdest tech ston 


Since Aug 
families have reported hearing strange, 
piercing noises that caused thern 
problems afterwards with memory, 
hearing and speech. Various theories 
have been put forward ~ froma 
‘mysteriaus sonic weapon to mass 
hysteria ~ but a conclusive 
explanation has yet to emerge 


Xbox controller instead. 
They do the job jus 
well, need 0 5 
training and you can 
pick up a spare 


working 24 hours 


Among other duties, 
UAVS are 


ed to search 


trafficaccidents 


Seeing is 
believing... 


ROBOT NIRVANA 


FAKE FANS FOR Sale 


= 8 Ce 
visionace 
with vitamins A, B2 & Zinc 
which help to maintain 


normal vision 


Visionace® is based on extensive research 
and has been expertly formulated with 
‘over 20 nutrients including Bilberry and 
Lutein, with specific nutrients to help 
support your vision. 


visionace 


AF ~~ 
™SS 


visionace § visionace 


ORIGINAL 


@) 


UP, up & AWAY! 


the opening of the To 
Olympics in 


Mater ach aaiComge Ut eS we 1 207 


From GD Superdnug Holand sore = 
: Gaemon 42) at VITABIOTICS 
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NEUROSCIENCE 


UNLOCKING 


Tht 


SECRETS 


OF Tht 


From autism and schizophrenia to Alzheimer’s, lab-grown mini-brains could be, 


the key to solving the biggest mysteries about human development and disease 
‘WORDS: SIMON CROMPTON 


a 


susrayton mac roren 


NEUROSCIENCE 


tacks of little plastic dishes in a 


laboratory incubator, each one 


holding a free-floating blob of 
human brain might sound like 
pn, But 


the stuffof se 
this is no futuristic f 


imagination: these stran 


creations, known as brain organoids, are already 
boing cultivated in labs all over the world, and 
rosearchors believe they could wnlack some of the 
doopest secrots of how our brains grow and what 
happens when they go wrong, 

Tdon’t think that any of us set out to try and 
grow a brain in a dish,” says Madeline Lancaster, a 
neurobiologist at the MRC Laboratory of Molecular 
Biology in Camb you'd 


fow months before I started workin 
have said it was completely nuts —but in my case, it 
was an accident! 

Lancaster's accidental experiments with organoids 
started when she was a post 
working in Vienna with molecular bi drgen 
Knoblich, investigating how the beain forms durin 
development in the womb. She started t 
brain stom colls in flat layors in a dish, but soon 


realised they lacked many of the key characteristic 


of nerve colls in a real brain, In search of a better 
method she tried a new technique for growing neural 
rosettes’ ~ flat, flowor-like circles of cells that were 
Listic, albeit still two-dim 
When I put the calls in the cu 
something wrong with the reage 


she says, "Rather than formin 
rosettes, mine were forming these weird, floating 
balls. I thought they looked in 1 

Speaking to other re 


discovered that 


chers in the field, she 
of them had a 


strange blobs, but had 
thrown them away because 
they looked wrong. But 


whitethow brainballs “Despite their ‘mi 


looked curious from the 


outside. whatLancosee — ICKMame, these organoids are a 


found inside was 


nourons built up towards the outside 


BUILDING A BRAIN 
Despite their ‘mini-brain’ nickname 
are a long way from t 

They're around half 
roughly the shape and size of th 
a pencil and they lack key str 


brain’ 


iwenatcae long way from being full-size 


ike the Nuidtiled human organs” 


ina scrupulously clean 
environment, and can stay 
alive for more than a y 


Lancaster's mini-brains are 

enabling her to prise open the 

black box’ of human brain 

development, Because they reflect 
the cell typos and organisation of a 


growing human brain, organoids 

are opening a window into 
time of life that has 
previously boon inaccessible 
to science, 


Pople have done MRI 


hangs, 
but when it comes to those 
early events ~ how neurons 
aro made, how many, which 
d where — we can't 
answer them, no matter how 
good our MRI machine is, But I 
think what's happe 
dishes reflects what's happening in an 
actual embryo, We know this because the 
ond product looks like a lot like a real brain, so we 


have a tractable system to start asking somo of these 


fundamental questions about brain development. 
Lancaster is also using her mini-brains to answer 
n deeper question: what makes a human brain 


cent of our DNA 


human? We 


fe more than 95 


with 
chimpanzees, but our brains a and 


undoubte 


Jifferent, By comparing brain 
;wn from chimp stem cells with those 
from humans, she and her team are watchii 
# from the & 
development. There's even the possibility of using 


these difference: 


new techniques to switch 
human and chimp genes around in mini-brains— 
that would be impossible to do in living 


0 pin down the precise molecular 


animals 
pathways that make the human brain so special. @ 
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© The brain-like appearance of these organoid: 
raises ethical as well as scientific questions. Can 
they think, and are they conscious? According to 
Lancaster, the answer is almost certainly no. 

T think of them as being a bit like brain tumours,” 
she says, “Tumours contain many more neurons 
than our mini-brains in a dish, but no one is 
concerned that their brain tumour is thinking or has 
consciousness, and nobody is sad that it has been 
taken out and thrown away. That’s what we have 

hore, It's not an organisod network, and it cannot 
make a functional thinking circuit ~it’sa ball of 
brain tissue, and just because you have neurons 
doesn’t mean it ean think.” 

‘Today, she and her team are growing mi 
from human embryonic stem cell lines ~the multi- 
purpose cells originally found in very early human 
embryos, but now cultivated in the lab, She's also 
using so-called induced pluripotent stem (IPS) cells: 
adult cells that have been pushed back to an 
embryonie stato with a cocktail of molecules first 
discovered by Nobel P ning Japa 
scientist Shinya Yamanaka, Depending on the exaet 
conditions used, Lancaster can nudge her organoids 
to develop all kinds of cells, from the fluffy choroid 
plexus (which would connect with blood vessels in a 
real brain) to pigmented light-sensing cells that are 
usually found in the retina at the back of the eye. 
here's just so many cell Lypes to look for," she 
says, “But depending on the method we use, every 
{ime we look for something that we know should be 
thoro, wo find i 


WIRING UP 
Mini-brains don't just allow researchers to study 
normal dovelop Sorgiu Pasca, 
Assistant Professor of Psychiatry and Behavioural 
sity in Californ 
what goes wrong i 
lepsy and other 


nal processes, 


using them to u 
autism, schizophrenia, of 
neuropsychiatric disorders 
“Most of the psychiatric drugs we have today have 
boon discovered by chance —we know very little 

about the origins of these disorders and the qui 


tion 


“Pasca and his team have managed to segura 


holding ink 


grow mini-brains for more than two 
years — a staggering 800 days is their 


current record” 


is why?,” he asks. “Unlike cancer biologists, who can take 
out a tumour, put it in adish and find ways to treat it, we 
cannot do that with the brains of our patients with 
mental disorders!” 
Pasca and his team have managed to grow 
mini-brains for more than two years ~a staggering 
£800 days is their current record —and shown that 
they can generate most of the same cell types and 
structures found in real bu They're 
using the technique to investigate the root 
sovere autism and epilepsy syndromes, by 
senerating organoids with IPS cells derived fro 
amples of affected children and then 
carefully comparing them with cultures grown 
from healthy calls 
‘We can use electrodes to measure how the 
alking to each other, and microscopy 
to see how the cells move and make 
connections with each other," he explains 
Many of the genes associated with t 
disorders are involved in the c 
lls, so we can soe how the 
are impairing 
hebrain ina 


cation within 
non-invasive way 
He's now taking th 
sticking together organoids that mimic 
different regions of the brain and studying 
their interactions ~a technique he describes 
is ‘brain Logo’. The team is using these 
hybrids to spy on the brain as it wires itself 
up, focusing on what happens to so-called 
inhibitory neurons that normally help to ca 
down brain activity but are faulty in peopl 
ilepsy and autism. 
bitory nourons are not born in the 


th 


150 ideas even f 


on the surface of the brain: they are born in a 
very deep region of the forebrain and have to 
migrate millimetres over many months after 


birth,” Pasca says, “It’s really fascinating to 
in our cultures ~ they kind of pull 

and jump along. 

But when Pasca and his colleagues looked at 
organoids grown using cells from patients with a © 


8 


NEUROSCIENCE 


sina Wray 
College London 


© form of autism that is 
associated with epilepsy, they 
ferent picture, The 


inhib 
very peculiar way, jumpi 


often but less effic: 


ft behind. 


organoids sedby 
SergusPasca nis 
research ino 


Improssively, the rosear 


then able to identify a drug that c 


Wiring defvet and pointing towards a 


potential future treatment for ch 


INTO OLD AGE 
Meanwhile at University College London 
nourologist Selina Wray is using brain ot 


jook at nourodegenerative conditions that start at 


ae the other end of life, including Alzheimer's disease 


theoreti oa and fronto-temporai dementia. 
a train tissue from patients, but you're only ever 


looking at the end stages,” she says. “It's almost like 


ALL THE 
ORGANOIDS 


It’s not just brains: researchers 
are creating three-dimensional 
‘organoids from many different 
types of tissue, not only to study 
healthy development but also to 
discover what happens when 
things go wrong and to develop 
future therapies. Here are some 
of the types they've managed to 
grow so far. 


GUT LUNG 
Scientists have made Although they'rea long 
organoid versions of many way from a lung in the lab 
parts of the gastro-intestinal lung organoids grown using 
tract, from taste buds to the reprogrammed stem cells from 
Intestines and stomach. Intestinal patients with diseases suchas 
organoids can be manipulated to chronic asthma and cystic 
produce insulin, suggesting fibrosis could be useful 
possible future treatments models for finding new 
for diabetes. ‘treatments. 


coming to the scene ofa crime afte 


and you're tryin 


that's been left 
lab which 
inning of the 
disease —because if we understand the first 
th 
should be more effective. 


Ina similar way to Pasca and Lancaster, she’s 
taking samples of skin from patients with 

ing them int 
vids. Wray can 


growing orgai differences 


compared with organoids from unaffected poople 
ased levels of 


er just a few months, finding in 


the forms 0 cules that an 


with Alzheimer's diss 
However, the 


‘sa problem with this approach: 
ife 


nitia is a problem that takes decades to 


mini-brains mimic the very earliest stages 


while de 


develop. To solve this, researchers are working on 


clover hacks to speed up the ageing process. One 


lisorder that causes dramatic 


nature ageing. Another approach is to meddle 
cting the ends of DNA 


with the structures 


inside cells, known a 
As we 


drive dementia, Wray thinks that mini-be 


kas we age 


as studying the underlying processes that 
have 


potential for helping to y the right 
% treatment for individual patients, 
foo] excited by the idea of personalised 
medicine—that you could take somebody's cells 
E grow organoids in the lab, screen a panel of 


BREAS 
‘Mammary organoids 
growthe same branching 
structures that are seen in 
human milk ducts. Because many 
breast cancersstartfrom such 
ducts, these organoids are 
providing vital insights 
into tumour growth. 


“Mini-brains mimic the very 
earliest stages of life, while 


dementia is a problem that 
takes decades to develop” 


drugs against them and say, ‘Okay, wo think this 


person will respond to drugs ABC, but this person 


will respond better to drugs XYZ," she says, “That's 
happening in cancer biology, this idea of boing able 
to stratify patients on a molecular basis, and while 


think we are a long way off, I love the idea of 
growing someone's neurons so we can work out 


what th 


apies we should be giving them. 
Sorgiu Pasca is similarly enthusiastic about the 
al of mini-brains to chan} 
‘Our or 


potent 


ds are grown from colls taken from 


ents,” he says. "These kids have soviare 
s that really impair 

their lives, and to think that a few months later you 

can derive brain tissue from those patients in a dish 

and start asking questions about how the disease may 
arise ~that's what makes this excitt 


real pa 
nourodevelopmental disord 


Kat Armey 


THYMUS. HEART 
The thymus gland is the 
place where infection-fighting 
immune T-cells mature. Thymus 
organoids can produce functional 
human T-cells, which could 
potentially be used to restore 
the immune system in 
transplant patients. 


Cardiac organoidsare 
revealing hidden regenerative 
pathwaysthat could be 
reactivated to treat heart disease. 
Researchers also created 
organoids with functional, 
beating chambers,asa 
model for studying 
heart failure, 
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Use the power of science to make 2017 the best Christmas ever 
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HOW TO 
GO CHRISTMAS SHOPPING 


You have along list of family and friends, but only limited 
funds in the bank. Who should you buy presents for? 

Prof Rachel Norman and Dr Anthony O'Hare, atthe 
University of Stirling, have applied game theory to the 
exchange of gifts. Game theory isa branch of maths todo 
with calculating optimal strategies in competitive situations 
Centralto it is the idea of finding the unexploitable Nash 
equilibrium’. f two people are both playing the Nash 
strategy, then neither can improve their lot by changing tack 

Let's say receivinga present invokes enjoyment, €, but 
givingincurs cost, C.The diagram above shows the possible 
payoffs fortwo people. For example, if player 1gives but 


player2 doesn’t then player 1gets-C_1(a net cost) while 
player? has cost but gets enjoyment E_2. 

The Nash equilibrium here is fr both players to not give 
The payoff for each is then zero —andf either one deviates 
unilaterally they become worse oft 

This assumestthat the ‘game's only played once. 
American political scientist Robert Axelrod has shown that 
when games are played many times, greedy strategies like 
thisare no longer optimal. instead, the best payoff comes 
froma 'tit-or-tat’ approach - buyinga present on the first 
Christmas and then, in subsequent years, copying what the 
other person didlast time. 


EVERYDAY SCIENCE. 


HOW TO 
CUT A CHRISTMAS CAKE 


Hyouretired offorcingdown securing with an elastic band to 
‘ried up Christmas cake in March, lock in the freshness 
then the good news issciencehas This ‘s shown in the diagram, 
found asimple way tokeep cake adapted fromassketch that 
fresher (or longer. accompanied Galton's original 
Inaletterto the research Jetter, Solid lines show existing 
Journal Nature published on 20 cuits; datted lines show the next 
December 1906, the great British cut to make. The first cut, shown 
polymath Sir Francis Galton on the left, removes a flat slice 
‘opined thatthe traditional way of and the cake is then closed up 
cutting a Christmas cake was Intoan oval shape andstored 
“very faulty", He argued that The next slice is removed ina 
takinga wedge outatatime similar fashion but at 90 degrees 
leaves the inside surface ofthe to the frst cut, as shown in the 
cake exposed andliableto get. _centre image. Thenextslice 
dry, Instead, Galtonadvocateda _ would be taken paralleltothe 
novel method of cake slicing that first cutand so on. 
involves making parallel cuts “The method works," says 
through the centre of the cake maths writer Alex Bellos. "| have 
and then closing it up and. done it many times” 


SONNY, 


4 HOW TO 
C4 COOK THE TURKEY 
Rf it LIN 5 What makes tho porfct Christmas tushy? HOW TO 
1 Sy Hosting tryin bcs the ats ma WRAP YOUR PRESENTS 
\ ' caktug urd teed elapenitten : DrSara Santos, of Goldsmiths, Thatsaid,Ors Hannah Fryand 
A AAA AAA prevent it becoming too tough — whereas the darker leg formula to calculate the optimal The indisputable Existence of Santo 
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‘meat needs to reach at least 80°C and the skin ro 
‘as much as 200°C to trigger t 
brown the outside and create th 
Prof Poter Barham, a gastrono 
physicist at the Un 
strategy isto chop up the turke 
separately at its optimum temperature. In pot 
slivered turkey flesh isn’t quite the table centrepiece 
you were hoping for, he suggests cladding the mare 
‘sensitive parts in foil for the bulk of the roasting time. 
But how long should that time be? The late Stan ford 
University physicist Wolfgang Panofsky used the laws 
ofheat conduction to come up with the formula t= 1.13 
x W29 where is the cooking time in hours and W is the 
weight of the turkey in kilograms. He assumed an oven 
temperature of 165°C (325°F) — and a spherical turkey 
For safety, i's recommended to use a meat 
theron asure the inside of the bird is cooked 
toat least 75°C, Bon appetit! 


wctoristic flavour, 
pically inclined 
ideal 


dimensions of wrapping paper to cover 
a cuboid box 

Fora square-based box, you need a 
square of paper with side length equal 
tothe base diagonal ofthe box plus 15 
limes its height. Place the boxon the 
paper at 45 degrees, bring the corners 
ofthe paper up to meet at the top of the 
box and secure witha single piece of 
tape (fig?) Fora rectangular base, usea 
square of paper with side length equal 
tothe width ofthe box plusits length 
plustwice its height, all multiplied by 
075 (ig2). 


‘lous, argue that this technique uses no 
Jess paper than the traditional method 
though it does look nice, and saves 
tape. They suggest a more practical 
approach isto use later boxes to 
‘minimise the paper wasted in flaps 
tucked in atthe ends of the present. A 
boxhaifas high as its base side length 
takes TI per cent less paper than acube 
ofthe same volume, 

Taken to the limit, thismeans you 
should give totally fat presents ~ 
another reason to treat your nearest 
and dearest to copies of Focus! 


EVERYDAY SCIENCE 


HEIGHT OF STAR. 
(iN cm) & 
“TREE HEIGHT (IN Cm) 
HOW TO lo ° 
Inthe office game of Secret. picker,” says Dr Hannah Fry. But 
Santa, people writethelrnames she hasasolution, Create a set of 
‘on pieces of paper, put them in cards, one foreach person. Each 
hatandtheneachdrawone card should resemblefigl Place >. 
random person to buy agiftfor.if the cards face down in a row, = 
‘anyone gets their own name, shuffle and, keeping them face =, 
‘they replace it and draw again. down, cut them in half, Now shift 


But this breaks down ifthe last the cards on top one place to the 
persontodrawpickstheirown —_right(fig2) 


name ~ inthis case, to maintain. Each person takesacard from Cc 
anonymity, the only thing you the top row and the card directly 
can do is start over. And in an below it - telling them their . 
office of 10 peopl.this happens numberandthe numberof the LENGTH OF TINSEL 
over7.Spercentofthetime.tt's person they're buying for (fig 3). (in cm) 
also not perfectly random. Finally, you puta list of numbers 

“if you're last to pick inagroup on the wall and everyone writes: 
of three, thenit'stwiceasliKely” thelr narme next to their number wa (13x TT y TRee HEIGHT 
thatthe first pickeris buying you Such a draw Is truly anonymous (iN cm) 
present than the second and perfectly random, NUMBER OF BAUBLES. & 


VIF. TREE HEIGHT 
zo X (iwem) HOW TO 


DECORATE THE TREE 


Studonts at the Sheffield University Maths Socioty 
(SUMS) have developed a sot of equations to 
calculate tho optimal amount of tinsel, number of 
baubles, length of lights and si 
to decorate your troe ~all as handy 
functions ofits height (so diagram). For example, if 
‘your tree is 152cm (ft) tall, then the theory, which 
they call ‘treegonometry’, dictates that you should 
adorn it with 776cm of tinsel, 31 baubles and 478¢m 
of lights all topped off with a 15cm star. 

But what about those porishing needles? One 
often-heard piece of advice isto add bleach to the 


waler that the Christmas tre is stood In, However, 
LENGTH OF LIGHTS ‘when the Discovery Channel's Mythbusters team 
tried this, the only thing they were able to firm 
(iwem) wu that turuad tbe as Bunny cous 
TT x TREE HEIGHT ‘Amore promising strategy was uncovered by 
scientists at the Christmas Tree Research Centre 
(ince) (yes, really), at Dalhousie University, Nova Scotia. In 


2016, they discovered that LEDs (especially red and 
white bulbs) give off the right spectrum of light to 
stimulate photosynthesis — enabling the tree to 
produce carbohydrates, giving it an energy source 
thal keeps the needles attached to tho tree for longer: 
It's also good news for the planet (and your pocket) 
as LED lights use 80 to 90 per cent less electricity 
than traditional filament bulbs. For more tips on 
keeping your tree looking spruce (sorry), see p98. 


EVERYDAY SCIENCE 


HOW TO 


THROW A XMAS PARTY 


So you're havi 
Christinas— bi 
invite? To enc 
you want either 
guests who are mutual strangers, or 
three or more who are already 
‘acquainted. So what's the 
minimum 
need at the party to 6 
In 1928, British mathematician 
Frank Plumpton Ramsey found the 
answer with his thoory on the 
connectedness of points on a graph. 
‘Tho ‘Ramsey numbers’ R(« 
the number of people to in 
that at least either m of them know 
each other, orn of them don't. It 
turns out that R(3, 3) = 6 


people overat 


shoot of paper, each repre: 
guest. Now draw lines fra 
guest to every other guest — 


they know each ol 
don't. With six gue 
find it’s impossible to conn 


red triangle (ie, three people who 
know each other) ora blue triangle 
(three people who are strangers) 
But this isn't the case with just five 
dots (fig 2)—so six is the minimum 
umber of people to invite. 

Some more Ramsey numbers are 
shown in the table to the right 
Notice that these are also 
symmetric, so Rm, 


(n,m), 


PEVOWVYULL 
UIE Boo HOY 


HOW TO 
PACE YOUR DRINKING 


Ever overdone itwith the sherry on Christmas Eve? 

12 1932, Swedish chemist Erk Widmark studied how 
‘ethanol (the pure alcoho! in your plonk) interacts with the 
human body, and used his findings to devise an equation 
fora drinker’ blood alcohol concentration (BAC). The BAC 
‘can be used to inferstate of drunkenness, allowing the 
‘mathematical imbiberto plan their consumption 
accordingly 

The basic formula isshown in fig .Gis the amount of 
alcohol consumed (in grams),t i the time since drinking 
‘began (in hours), W is the drinker's weight (in kilograms), 
‘isthe gender constant (0.68 for men, 0.55 for women), and 
{B\sthe rate that alcohol iseliminated from the body (in 
S68AC per hour, ranging from 0.01 for people with low 
tolerance up to 0.035 for seasoned boozers), Grams of 
alcoholis given by the ‘alcohol by volume’ (ABV) 
percentage of your beverage times the amount consumed 
‘in mulitres times the density of ethanol (+ 0.789g/m)) 

‘You can then look up the resulting BAC on the effects 
table tothe right. For example, a man drinks five pints 
(2840m) of 5% beer ~ that's Tg of ethanol (2840 x0.05 x 
(0789) if he weighs 30kg and has a moderate alcohol 
tolerance (W = 0.02) then his BAC aftertwo hoursis 0143, 
Which senough co cause a significant risk of missing 
Christmas dinner 


G = ABV’, % Nolume x 0-489 


BAC 

002-009 
0-04-0068 
007 0.089 


4-005 
0.1 -0.158 


oue-0.199 
oa-oaK4 


05-0298 
03-0349 
0.35-o9n8 
o4= 


Effects 

Mer eupheria, relaention no wtb eects 

aporin rebaced inition Sig mpaioent bape bran 4unctins 
Balance, yeh, yi ad veackion tne airy empainl meonyencertai 
tod tetogal ingied 

‘tore sett lack blanc renctin nes signal paired 

Nin red iially making sigh, shy avi, Severe 
ingot of Stes Sod ihr reasoning 

Compede aan a coritatin, amet pesiility of mmsen 

Canjusion, derientation needs help 4 sar enti likely pes hy 
4 pesng 0. 

A hak uncon Seedy dng 

Compele stupor ots of awareness, pasting Outil 
Ris of coma rd. death 

Coma ard Signi nop death 


DrPaul Parsonsisa science writerandan 
analyst with the bookmaker BetVictor, He 
Iweetsfrom @NasaProPlus 
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MATHEMATICS 


Mathem: 
random ac 
to how we can thwart such attacks before tl 


y take place 


WORDS: ANDY RIDGWAY 


“After a terror attack, it’s pretty 
standard for people to say, ‘He 
was a really decent person’. But 
it's much more about the 
groups they were in.” 


MATHEMATICS: 


WHAT ISA 
POWER LAW? 


The powerlaw is away to describe the relationship 
between two things, and states that achangein one 
thing results ina proportional change in the other 
thing. Take asquare, for example: f youdoublethe 
length ofits sides, ts area is increased four times, or by 
a power oftwo. Such relationships exist in all kinds of 
phenomena, from earthquakes to income levels, 
Plotthese power law relationships ona graph and it 
shows that the most common things are thoseat the 
smallest scale, whether that’s the level of income or the 
size of earthquakes, Butthere are alsoa few extreme 
‘events’ like massive earthquakes or huge incomes, 
That's not true of ather things: plot people's height or 
weight on agraphand you'll get a bel curve, inwhich 
‘most people are towards the middle and extreme 
ents’ are much less likely, 
Whenitcomes to terroristevents,a power law 
describes the relationship between the number of 
events and the number of people killed. tells us that 
the 9/Titerror attack was not an anomaly =such an 
ceventis likely, statistically speaking, to occur again. 
Written out, the power laws fairly simple: ¥= kX-a. 
Here Xand V are two variables that you're looking at 
the relationship between, say the number of terrorist 
Incidents and the number of people killed. K isa 
constant, something that doesn't change over timeand 
‘isthe law's ‘exponent’ ~the power’ bit of the 
equation that shows how much ¥ changes asX 
increases or decreases. With terrorist incidents, it was 
foundtohavea value of 25. 
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45 YEARS 
OF TERROR 


Heat map showing ail known terror 
attacks between 1970 and 2015 


iy cn 


intensity value is 
acombination of 
incident fatalities 
and injuries 


tow 


Source: Global Terrorism Database 


© Both of them were hy a fromthe 
Global Terrorism Database (GTD), a record of 
torror attacks around the world since 1970. 

“One of the key probli 
approaches to trying to understand terrorism is 
getting the data,” says Clauset. “For the most part 
terrorists don’t record their activities in nice 
structured formats, Ifyou can't measure it, you 
can't do science with it 

The task of 
has been taken up by staffand stud 
University of Maryland, home of the Na 
Consortium for the Study of Terrorism an 
Responses to Terrorism (START). Here, computers 
use natural language processing to sift through 50 
million newspaj 's per month and find 
reports of attacks. It's then down to a team of 10 
analysts, helped by student volunteers, to read 
through the 16,000 articles the computers pick out 
per month and sift out any mistakenly identifies 


essing 


is with scie 


incidents 
ntsat the 


cording data on ter 


LOE Mag 
srowngatinown 
terri atch 
‘moti over he 
PasteSyenre 


4. The articles wooded out are 
puters so their artificial 


fod back to the cor 
intelligence system can continually improve. The 
analysts then record 120 different variables about 
each attack such as the weapons used, the types of 
target and the number of people killed. The data 


eing terror-rel 


e is released in chunks annually and is 
y available on the GTD w 
data isn’t perfect, because it relies on press 
reports. “There is inherently a bias,” says Clauset 
's much more likely to 
in the news media. Ifit's obviously 


they ge 
fi 


“Lfan event kills someone 


end u 
terrorism, it's much more likely to be written about 
2. Small scale, non-lethal terrorism not 
roup is under-represented.” But 
best data there is, and when it's analysed it 
shows the power law in terror attacks, just like data 
from conflicts around the world. 
The discovery of the power law relationship 
between the number of attacks and the number of 


Indonesia 
by Papua separatist 


S 


“One of the key problems 
with scientific approaches 
to trying to understand 
terrorism is getting the data” 


people killed allows forecasts to be made, “It allows 
us to extrapolate in a mathematically principled 
manner, to make statements about events that are 
incredibly rare, 

I's this kind of extrapolation that led to Clauset's 
forecast that the chance of another terrorist attack 
on the scale of 9/11, that killed 2,996 people, is 30 
per cent aver the next 10 years, The maths can 
build expectations about the frequency of © 
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ABOVE imide a Spell Operations Roomrunby Londen'sMetropattan elie 


© Large-scale terror events, says Clausot. "But it 
doesn't allow us to predict when, why ar how the 
next event will happen. 

Som researchers, though, are using maths to try 
and predict who will be bobind the next attack. 


EXPLANATION REQUIRED 
Before getting to the point of making predictions, 
there are other big questions to answer, such as 
why this 2.5 ‘power law of war’ exists in the first 
Hy given that the conflicts it 
doscribos are so different, “Som conflicts are 
Marxist, some fascist; it's not the terrain, because 
somo aro in the jungle 
must be something else,” says lohnson, 

The first clue comms from the conflicts where the 
power law doesn’t hold, such as World War Il or 
the Spanish or American civil wars, where the 
conflicts were between two or more fairly evenly 
matched sides, In contrast, the conflicts where it 
doos hold ar asymmetric, involving two or more 
sides with very different resources at their disposal 
in terms of weapons and people. “We thought about 
what we see when we heard about attacks in places 
like Iraq or Colombia. They sound like a loose 
arrangements, where groups come together to do 
something and then vaporise,” says Johnson. 

When the number of these insur 
compared the sizes of the groups, something 
familiar pops out—the 2.5 power law. In other 
words, the distribution of the sizes of the groups is 
almost identical to the distribution in the scale of 
attacks, with lots of small ones and a handful of 
very large ones. After all, it’s logical that the 
handful of large groups it predicts will be able to 
carry out far more destructive attacks than the vast 
number of small groups or ‘clusters’ of fighters. 

‘By cluster, we don’t necessarily mean that th 
members have to walk round in a bunch, like kids 


ome in the desert, so it 


nt groups is 


ina playground,” says Johnson, “but that they are 
coordinated in some way, such as by son 
modern communication. So it can apply to a cluster 
of people in the desert during the Iraq era, but it 
also appli ire tech-savvy situations of a 
group of torrorists located in diff 


ns of 


nt places 
ips and their 
me from groups identified on the 
ground. “It’s impossible to know the size of a 
cluste 
what is easi 
of individua 
fact, the data is fre 
visible online to encou 
Johnson and his colleagues studied pro 
groups that sh onal information, such as 
advice on financing terror attacks or he 
drones. Where Facobook shuts extremist groups 
down quickly, pro-ISIS groups seem to be more 

nt on other online platforms, which perhaps 
fewer resources to chuck what's being posted. 
In a study of open-access information on the 
platform VKontakte, bi Russia, Johnson 
found 196 pro-ISIS groups with over 100,000 
followers. Although groups were shut down by 

tors within weeks of being created, the 
mombers would just go on to form a new aggregate 
or join another existing one. It's these groups that 


rrying out attacks,” says Johnson. But 

to get data on are the online groups 

who support a cause or ideology. In 
y available 


IS 


oper 


toavoid 


pre 
hav 


followed the power law in their scale, And this 
fluid online world of ISIS support, where groups 

coalesce, disappear and re-form, suggests a means 
to thwart these groups —split them up before they 
have time to form larger, more deadly groups 


IDENTIFYING POTENTIAL TERRORISTS 
Having characterised this ecosystem of online 
groups, Johnson and his fellow researchers have 
now shifted their attention to how individuals 
move through them, finding groups that match 


“After a terror attack, it’s pretty 
standard for people to say, ‘He 
was a really decent person’. But 
it’s much more about the 
groups they were in.” 


their interests an 
wups are broken up. They found that despite there 
being many possible ways to move around, certain 


dividuals cai 
of ways. Same people, 


patterns ¢ 


merge, an 
described in just a handful 
for example, will at sory 
extreme views that their account will be banned by 
moderators, while others will delete their own 
haps through fear of being linked to 


st group. 


accounts, ps 


anextre 


To better understand how individuals move 
though these online ISIS-supporting groups, 
Johnson turned to a ‘stochastic walk model’, which 
predicts how people move through an imaginary 
AD space. In this case, that space is the online 
ecosystem of pro-ISIS groups, and the destinations 
are being getting banned, self-deleting or 
something else, Stochastic processes are those that 
randomly change over time and are found 
everywhere, from the fluctuations of electrical 


novemonts of gas molecules. 
nis allowing Johnson to develop 
timelines of movements of individuals though this 
line world, it's also allowing him to study what 
dotermines an individual's ultimate destination (ie, 
banned or otherwise), “Part of itis the groups they 
pass through,” he says. “This is what wo're working 
‘on naw. Is it worse if go through two extreme 


groups without having a more spiritual group 
in-betwoen, or is it worse if go through a couple of 
oups and then on te 
I's the people who & 


spiritual g 1 extrome ona?” 


up being banned, the ones 
posting the most extreme content, who are of me 


interest to the authorities, says Johnson, because they 
re the most likely to carry out an attack, Fortunately 
who get banned most quickly tend to follow 
ferns in their movements, making them 
more predictable, And how this can bo used doosn’t 


t 
similar pa 


end with ISIS. Other forms of extremism exist 
online, such a 
the findings about the movements of pro-ISIS 
individuals are likely to bo more widely applicable, 

The focus on groups and their influence is the 
right way to think about this, says psycholog 


loft and farright ideologies, and 


Professor Alex Hasslam at Th 
Quownsland in Australia, An expert on how groups 
influence individuals, he was involved in the BBC 
Prison Study in 2002 that saw volunteers spending 
time in a mock prison to sew how they b 

Afior a terror attack, it’s pretty stand: 
people to say, ‘Ho was a really decent person, I'm 
shocked at this” says Hasslam, “But it’s much more 
about und he groups they were in, 

Being able to predict who is more likely to engage 
in terrorism from their trajectory through online 
groups leads to an ethical question: what to do when 

is identified? 
Johnson sees it simply as “an additional piece of 


University of 


stand) 


someone who seems to pose a thi 


information that the legal system can decide how to 
use,” but Clauset ur 

The idea of looking at precursor signals or 
trajectories isn't unreasonable,” he says, “but I 
think the standards for believing those things are 
correct must be very high, because we are talki 
about people's lives here.” @ 


‘Andy Ridgway is afreelance w 
nscience, health 


nd editor w 
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~<-hackbreakinig work, They sleep in 


anda market for 
niammoth tusks4s \ 
fuelling a new, 
dangerous trade in. 
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rma River in the region's 
northeast, straggly larch and ai 
spruce trees preside over a / 
patchwork of lichen andmoss. I's // | 
‘one of the world’s last great 5 
wildénnpsses, but its Weanty. is being | 
eroded literally-by any >» 
underground business thatis 
Wooming. Every year, clandestine | 
‘Grews of men head to the region t6 


“look for hiddék treasure: thetusks of #2 


‘woolly mémjrhoths that lie froze in 
the permafrostat's dirty, " 


makeshift fenls, liffroff canned beef, 
noodles.aiid vodka, and operate 
Eee, es 


eary era 
‘ute Ba mace 

ell the tusks-et 

‘anew gold rush’ ~ not a J 


metals, but in body parts. And amidst 
tthe 


itall, concerns are mou. 
practice could have a devastating 

effect on the mammoth's modern-di 
cousin, the African elephant.” 


PALAEONTOLOGY 


The mammoth 
graveyard 


Fifty thousand years ago Siberia looked 
very different from how itdoes today 
Instead of forest and scraggy tundra, the 
region was blanketed inlush grasslands 
and fertile sols, and herds of woolly 
rmammoths roamed the open plains Then 
litle by ttle, towards the end ofthe last 
Ice Age their numbers started to diminish 
Noone realy understands why. Some 
blame human hunting, some climate 
change, others abit of bth What we do 
know isthat they disappeared from 
Siberia 10.000 yearsago, then fromtheir 
final hiding place -a northerly island 
called Wrangel- just 3700 years ago. Now 
Siberia isa massive mammoth graveyard, 
andit'sestimated that the remains of 


Meneethnipinigrin 


ning tpn apart te 
tomes haste ae ee 


Lh - 


[emg natal poptason rend orange ns 


The clandestine crew 


Blast off! 


‘They blast the riverbanks and crumbling permafrost cli 
with jets of water, drawn from the nearby river or sea. 
Powercomes from makeshift petrol powered water 

‘pumps, converted from the engines of snow mobiles and 
other vehicles. The pressurised cannons reduce the icy 
jmafrost toa slurry ofsmelly, pebbly sludge, which then 
izes back into the waterways. Any body parts thatare 
Iiberated come tumbling tothe ground. Because the 
permafrost has remained frozensince the endothe last 
‘ce Age, some 1.700 yearsago, the remnantsare perfectly 
preserved, intact tusks are kept, but everything else ~ 
‘bones, teethand tusk fragments. arediscarded and eft to 
the elements. inthe years that follow, these will either 
wash or weather away. 


PALAEONTOLOGY 


Unnecessary damage 


Sometimesthe men gouge out entirehillsdes, boring 
‘tunnels that stretch for 6Om or more into the earth. "This 
sa new phenomenonin Russia," says palacogeneticist 
Prof Love Dalén from the Swedish Museum of Natural 
History InStockholm, who routinely visits Siberia to 
source remainsforhissclentificstudies. “Obviously it's 
‘not good, because they're destroying the permafrost and 
Itleaves big scars." To maximise their rewards, the tuskers 
try to findareas where the density of bones is particularly 
‘igh. This sa source of frustration to Dalén, because these 
mass graveyardsare of special scientific value. "They're 
celtherahuman kill site, or some sort of natural rap where 
the mammoths have died," he says. 


Buried treasure 


Science’s loss 


PALAEONTOLOGY 
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It’s not just tusks 


The ends, however, seemingly justify the 
means, As wellas mammoth tusks, the horns of 
another Ice Age gant, the wooly rhina are also 
prized. A2.4kg rhino horn wil ear its finder 
around $1400 (£10,600 approx) when it's sold 
toanagent who then exportsitto southeast 
Asia. In Vietnam, the horns are ground into 


powder and used intraditional medicine, nthe 
erroneousbeliefthey havethe power to cure 
everything from gouttocancer,snakebites. 
‘demonic possession. Mammoth tusks, however, 
meet different fate 


Sleeping on the jo! 


Helen Pilcher 


@helenpilchert 
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Deep learning is used rything fro: = ech software 


INION, 


“IT’S THANKS TO DEEP 
LEARNING THAT WE HAVE 
SIRI, CORTANA AND ALEXA” 


does it all 


face recognition, speech 
recognition, language 
translation, automated 
game-playing, I's an approach 
that has transformed the fiol 
of artificial intelligence (AD) 
and is without doubt the Al 
flavour of the decade, It works 
amazingly well 
But increasingly, questions are being asked 
about transparency. Exactly how does deep 
warning work? Can we trust it to work for safety 
critical applications such 
We generally like computer algorithms to be as 
transparent and revealing as possible ~and this 
is not the case when ft comes to deep learning, 
In essence, deep learning is really a cleve 
robranding of an earlier computer 
mothod called artificial neural networks (ANNs) 
Dating back to the beginning of computers, ANNs 
‘are computer programs that simulate networks of 
‘nourons like those in our own brains, They're 
hugely simplified and don't really work in quite 
the way that real nourons work, but 
nevertheless, they enable computers to learn (s 
‘How a neural network works’, apposite). 


solf-driving cars? 


HIDDEN DEPTHS 
Research on neural networks started in the 19% 
and the ideas were refined over ma 


but it became clear that neural networks w 


not 
‘as good as some other approaches in machine 
Joarning (the branch of Al dedicated to helping 
computers learn from data in order to make 
classifications and predictions). Asa result, 
research in the area began to wane by the early 
1990s, and learning methods that relied on clever 
statistics started to dominat 

This all changed about 20 years ago, British 
pioneer Geoff Hinton (University of Toronto and 
head of Googlo’s Brain Team Toronto), and Jiirgen 
Schinid huber (IDSLA Dalle Molle Institute for AL 
Switzerland) introduced new, more efficient ways 
to train neural networks containing far more 
layers. Suddenly networks could have hundreds 
of ‘hidden’ layers — rows of neurons that sit 
between the input neurons, which are con 
directly to the various sensors, and the output 


wcted 


neurons, which provide the results, When 
combined with new ways of connecting th 


nourons to each other, the result was massively 
more powerful, The breakthroughs also coincided 
with the age of big data, cloud computing and 


processors (includ 
d to make 
it was possible to cre 


graphics cards originally 

games zippy). By 2006 
ntic ‘deep’ networks, 
train thom with vast quantities of data, 
huge numbers of fast computers all working in sync 
Iwas the start of the newest revolution in AL 
Deep learning works. Although still based on a 
vory simplified model of how th 
it relies o 


design 


unprecede of thousands 
or millions of neurons simu software 
Given enough data (and t have 
amounts) and enough computers (and 
have plenty) to enable the 
learn in response to the data, the result is like a 
little software brain, 

Ifit’s been trai s,then this 
little face-recognising brain can be duplicated a 
few million times and placed into 
so that when y 


works to adapt and 


to recognise 


1 take a photo it finds faces and 
ensures they are in focus. Ifit's been trained to 
cognise speech, thon the little spe 
\ recoanising brain can be placed ito your phone 
>that ican underst 

spoken. Ifthe brain has a lot of 
even run in the cloud, 
words are sent to these remote computers which 
do the deep thinking, and return the results back 
to your device in the blink of an eye 

Inthe last decade, doep learning has resulted 


in —e es in the field of machine 


nd the words you ha 


id when you speak, your 


ABOVE Jorgen 
Scnmushaber a 
20W sgl 
‘fe Design 
conference 
‘munich 


learning. It’s thanks to deep learning that we have 
Siri 

learning that we have automated machine 
translation, face recognition, and automated 


‘ortana and Alexa; it's because of deep 


captioning of images. But not everything is rosy, 
While these massive neural networks show somo 
truly remarkable capabilities that spookily 

resemble the capabilities of biological brains, they 
also share another of a real brain's properties: a 
lack of transparency 


INTO THE UNKNOWN 
Ina biological brain, we still have surprisingly 
little idea exactly where inform: 
made, We know it’s all 
but we can’t 


ns and say, “That's 


P 
where you the taste of chocolate,” or 

point toa oup and say, “That's where aie vaca eteeae 
your decision to buy a new toothbrush was made’ marawtanaeners! 

In exactly the same way, we have no idea where artificial neurons arranged 
information or decisions are stored inside these Into. series of interconnected 


ant artificial neural networks. They are black 
boxes to us. We cannot se 


layers. Whena neural 


network istasked with 
paring something, input 
‘neurons receive the data rom 


inside them, In science 
jot a good thing, When 
we have safety critical technology, we want to be 
able to prove that the technology is always going 
to work, For example, we already have automated 
trains, and we trust t softwa 
that controls them is formally proven to be 
reliable, using ma 
Today, many au 
workin 
all of 
systems to interpret sensor data and recognise 


and engineering, this is 


the outside world that it's 

attempting to make sense of 
For example, flwanted my 

neural network to learn how 


toreadhandwriting, I might 
havea lot of input neurons 
rs.are ooking’ a the pixels inthe 
‘on autonomous vehicles, and most if not 
aro using deep learning as part of the 


images ofthe handwritten 
ters, Thisraw datasthen, 


converted into convenient 
form and passed ontoone or 
more hide layers ~this is 
where theactual processing 
ofthe data takes place 
Hidden layers are so-called 
h because their outputs are 
connected the input of 
another layer, and soare not 
Visible as network output. 


ards on the road. Tosla, for instance, is one of 
the first companies to sell vehicles with an 

onomous driving mode —and it's one of the 
first to encounter problems. Last year, one Tesla 
driver placed too much trust in his car, whic 
drove into the back of a stalled van. Tesla dow 
warn drivers to stay alert while using the system, 
but Andrew Ng 
Project, and pioneer of the use of deep le 
learn without supervision 
crash, tweetiny 
driving system that works 1,000 times and lulls 
false sense of safety, then... BAM! 

Other recent work by researchers at the Icahn 
School of Medicine at Mount Sinai, New York has 
used deep learning to ana 
2016 their deep network looked at more than 
000 patient records and 78 diseases and was 
able to predict severe diabetes, schizophrenia, 
and various cancers with high accuracy. This is 
valuable work that could save lives. But how does 
a doctor tell her patient that he's likely to develop 
schizophrenia because a deep network says so? 
Can a doctor trust a prediction enough to start 
preventative care, when no explanation is given? © 


ounder of C 


vgle's Brain 
ning to 
‘commented on the 


the handwriting example, 


these hidden layers would 
determine the form ofthe 
letters being rea. 


It's irresponsible to ship a 


Finally once the datals 
processed, itis passed onto 
Aan output layer that returns 
the network's conclusions. 
For handwelting recognition 
we could have26 output 
neurons one for each leter 
of thealphabet. 

Largeamounts of raining 
dataare givenas input, 
‘causing some of the neurons 
tobeactivated and others 
‘not The connections betwee 
‘one neuron and another a 
represented by anumber, oF 
‘weight’ ~the higher the 
weight, the more influence 
‘one neuron has on another 
Thisissimllartothe activity 
‘of neurons in your brain when 
{you look at something, 

The weights and biases of 
theneuronsin the network 
are then repeatedly adjusted 
‘unt the output neurons give 
thecorrectanswer. Thisis ike 
teacher repeatedly telling 
student what each image 
represents, and making sure 
thestudent repeats the right 
answer each time. 


OPINION 
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set-rivingears 
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Project 
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© ALEGAL CONUNDRUM 
The European Union is so 
at th 
that it has 
opted new 
Protoction Re 
which refer to our r 
p machine loarnin; 
become law in all EL 
member states in May 2018, Article 22 states that 
everyone “shall have the right not to be subject to 
{sion based solely on automated processing, 
he right ingful information 
about the logic involved” in any decision made by 


mputer 
sensible precautions, but the fact is 
neompatible with deep learning, If 
application is refused bi ofa 
ep learning algorithm, you will be legs 
entitled to an explanation ~but it may be 
impossible to provide it 
's are working on ways to improve 
work from Google 
ts that some explanations could 
nd by using methods from cogniti 
psychology — running experiments on the neural 
networks to try to understand what they're 


respe in the same way that we run 


periments on people to understand our own 
brains. But if you've just had your mortgage 
refused and the only explanation is “the network 
pmetimes pays.a lot of attention to: 
leisure activities, so that might have been the case 
hore,” you're not likely to be happy 
Doop networks’ lack of transparency isn't 
shared by other machine learning approaches. It's 
possible to use other Al techniques for most 
applications, and have complete, human-readable 
explanations, Other methods also have the 
advantay 
(mathematical) underpinnin, 
much clearer understanding of the reliability of 
the results can be obtained, allowing us to jud 
how far we should trust the 
methods, But these other 
methods aren't doop learning 
so they're not seen as ‘co 
right now. 
There are so many doath 
caused by human drivers that 
making selF-driving vehicles 
safer than us should not bean 
insurmountable problem, Yet 
progress towards this goal isn’t 
holped when wo can't quantify 
the risk of using ning 
for spocifie applications 
because we don't understand 
how it works or what it will do 
at least not until it’s already 
dono it, Our roads, vebicles, buildings and ett 
jo workings of the deep learning 
brains in our autonomous cars are unknown to 


us, then how can we be confident that they will 
work when con fronted with things they haven't 
been tested on? 

In Europe, the answer is familiar: now 
regulation for artificial intelligence algorithm 
But we need to apply some common sense here 
Artificial intelligence is not one technology: it's a 
thousand different approaches applied to a 
million different applications. Deep learning is 
the latest marvel, but like all new technologies it 
must be tested and certified to work safoly for 
each specific 
with our li 


plication, before we can trust it 
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In this special issue of BBC Focus Magazine 
discover how dinosaurs conquered the world, 
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Which plane has the 
biggest wingspan? 


TRACEY EVANS,» 


Tho passenger plano with the biggest win 
the airbus A380—a monster double-decker plane 
that carries 550 people, with a wingspan of 80m. 

But the overall plane with the biggest wingspan will 
soon be an aircraft that carries no passengers at all. 


of the world’s 


Microsoft ani 
has helped create 


thes 
the Stratolaunch. This will be an aircraft with six 


7 jet engines and a twin fuselage (the flight crew 
aareall in the right-hand o7 

is in the left one). The am: 

rockets high into th 

satellites cheaper and more reliable. It's still under 


tits wingspan will be 117m. re 


Stratoaunch wi have the 
longest wingspan of any 
_epinetnoenis 


mpl wl bused to 
proplsteisint ott 


IN NUMBERS 


2.647 


Length, in Earth days, ofa 

year onnewly discovered 

‘exoplanet NGTS-1b,ahot 
Jupiter’ ying sorme 600 
light-years from Earth 


Why do beavers build dams? 
Smead cOMNORS, 44 D Nn 


Total carbon emissions 
from Earth in 2017 -the 
first rie in emissions for 


coo 7 , eee What is at the centre of 
a gas giant like Jupiter? 
19.7M 1 292s 9 P 


Areain km’ of the hole in 

the Antarctic ozone layer at 

" Its winter 2016 peak. That's 

as, beavers simply exc a good news: it’s the smallest 
up home th Ws beensince 1988, 


GG 


pn ain ‘wd A li ‘\ 


mM. 


5=North American 
4. Koala 20-22 2.Sloth 20 3.Brown bat 19.9 4, Giant armadillo 18.1 opossum 18 7.Owl monkey 17 @. Human infant 16 9= Tiger 15.8 9= Tree shrew 15.8 


HOW IT WORKS 


THE MRI SCANNER 


Magnetic Resonance Imaging (MAI takes advantage of the fact that the nucleus of a hydrogen 
atom (a single proton) behaves like a weak compass needle. In the presence of astrong 
‘magnetic field, the hydrogen atoms will align themselves, but a radio signal of the correct 
resonant frequency will cause them to deflect slightly. When the signal is removed, the atoms 
return to their equilibrium state and emit a radio signal oftheir own. An MRI scanner can 
detect these signals and use them to map the distribution of molecules with lots of hydrogen 
atoms ie, water and fat. In this way, it can create detailed images of the inside ofthe body. 


D.RFaystom Liquid bellum. Maln magnet patient 
‘anantenna Ugutahelim > Thehighmagnetic 


‘Stronger than 
Widge 


‘bescanned 


Why don't horses have toes? 


LESLIE WATERS, HGH Be 


has Hyracotherium, recent study at Harvard found that o 


which lived 55 million years ago,did broad hoof is almost as strong.as multiple 
have multiple toes, but they were much smaller toes, but much lighter. Natura 
smaller animals. For taller animals, selection has gradually discarded the 
excess weight at the end of their legs has horse's side toos and widened the middle 
amuch bigger impact on their speed, A one to increase running sp 
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Why do ants 
walk in a line? 


ANJALI NAIR, 10 


Ants are highly social insects, 
thriving in colonies of millions of 
individuals that work as a team, 
Good communication skills lie at 
the heart of their success. They 
rely heavily on chemical scents, 
called ‘pheromones’, to defend 
territories and exchange complex 
information — from the location 
of food sources and nest sites, to 
u ace of predators. Each 


vocabulary of up to 
ones which can be secreted 
specific scent trails, The 
tips of their antennae translate the 
chemical ‘words’, thereby guiding, 
nts, in a line, to or from the 
desired destination, ee 


A 
Does sea air really make you sleep better? 


Take a coastal walk and the chances are that you will sleep 
better, acoording toa 2015 study by the UK's National Trus 
However, there is no evidence that sea air in itself will make 
y pbotter, Atone time, people attributed thoir sl 

to certain ions or ozone in sea air, In reality, we probably 
better after a trip to the seaside because we have bad a 
satisfying amount of exercise and have boon lulled by the 
rhythmic sound of the waves. Those that live thelr daily lives 
on'ttend to report im 


What could explain the 
Star of Bethlehem? 


YUL WILKES, TON! 


ent C the appearance ofa bright 
comet in 5I sudden flare-up of a star i 
4BC~ both around the time when Christ is now thought to 
have been born. However, same researchers have claimed 
these events lack the astrological significance of ‘portents 
involving the Moon and planets, which would have 
attracted attention among scholars of the 

This has led to the emergence of two top contenders for 
explaining the Star of Bethlehem. The first is a so-called 
‘occultation’ in 6BC, when the Moan appeared to pass in 
front of Jupiter in the night sky. The second contender is 
an unusual triple conjunction of Jupiter and Saturn which 
took place in 7BC, when these two great planets repeatedly 
appeared close to one another. ma 


‘ZACHARY BEATTIE, KENILWORTH 


Imagination underlies our ability to 
anticipate different futures and to 
reflect on alternative pasts. Arguably, 
it’s what distinguishes us most 
profoundly from other animals. It 
means we can learn from pa 
experiences (“IfT'd taken a spear with 
me, I could have caught the deer”) and 
we can hypothesise about the possible 


Is vaping safe? 


STACEY HUGHES, GUC 


Tho most re earch shows that 
vaping is much less 


per cent chance of dying before 70. 
The real que 
take up 


‘outcomes of future scenarios (“If trek 
across the desert without any food or 
water, Iwill get hungry and thirsty"). 
‘This makes us incredibly adaptive and 
is the secret to our superlative 

planning and problem-solving skills. 
‘Once imagination evalved, it also 
unlocked the gifts of storytelling, 
fantasy and wonder.q 


Wild wetlands: 
Thisaerial photo shows partof Sears 
Point, an area of highland that juts out 
Intothe San Pablo Bay innorthern 
California. Over388 hectares ofitare 
being restored to marshland, asthis 
providesan important habitat for local 
Wildlife and reduces the risk of flooding, 
Innearby towns. The circular'marsh 
‘mounds’ seen here prevent waves rom 
forming and carryingaway the 
sediments marsh plants need togrow, 


Th 


What's the furthest a bottled 
message has travelled? 


The longest known single journey was 
that of a Doctor Who pe tle, 
thrown into the sea at Tyne and Wear in 


2011, This turned up 17 months later in 
Porth, Wostern Australia —over 14,500km 
away, But in 1929, German marine 

scientists dropped a bottle into the Indian 
Ocean with instructions for the finder to 
report whore it washod up and then throw 


it back. This floated for six years and 


covered 25,600kin! wv 


THE THOUGHT EX 


RIMENT 


2. BE FEMALE 
Women live longer than men, and 
notjust because they tend not to 
fight wars. japanese researchers 
created mice without afather by 
combiningtwo female genomes. 
‘Their lifespan was extended by 
30percent. Men may be 
engineered for size and strength 
atthe expense of durability. 


Life expectancy figures normally 
assume mortality rates willstay 
thesame, butmedicaland safety 
improvementsare constantly 
reducing them, Anew Danish 
‘model that takes this intoaccount 
found that children born inthe 
developed world today haveaSO 
per cent chance of reaching 100. 


Are atoms expanding as 
the Universe expands? SAM TRE 


TONY KARGER, Non 


pansion of th 
significantly affects space and time 


Can 


only 


n than en 


Exper 


a tree grow in space? 
ee 


gravity, but they 


downward so much. DNA 


s shows thal sev 


find out the long-ter 


plants. 


3. TAKE VITAMIN D 
Inthe UK, the sun is only bright 
enough to make vitamin Din our 
skin between April and 
September. Vitamin has been 
shown toelp proteins in your 
cells keep the correct 30 shape 
Misfolded proteins are associated 
with ageing diseases suchas 
Alzheimer’s and Parkinson's. 


4. STAY ACTIVE 
Daily exercise slows the 
gradual loss of heart muscle 
and bone density as weage, 
and reduces the risk of falls. 
‘Once you can no longer walk 
400m (0.25 miles) in five 
minutes, your chance of dying 
inthe next three years rises, 
by 30 per cent 


Why are clowns so scary? 


For many people, there is something disturbing about the clown's 
make-up that renders their facial expression as an unnatu 

fixed grin or smile, This means we can't read their true emotions, 
putting us on edge. It's probably no coincidence that many of the 
most infamous horror characters also conceal their faces in some 
way - think of the Scream mask, or Leatherface from The Texas 
Chainsaw Massacre. When the clown also behaves aggressively or 
menacingly, the contrast with their playful costume and grinning 
features just adds to the creepiness. But context is everything: 
children can find friendly, silly circus clowns hilarious. q 


| QUESTION oF THE MONTE | OF THE MONTH 


Does a USB drive get heavier 
as you store more files on it? 


BEN CHELSHO, COLCHESTER 


Believe it or not, they get lighter. 
USB drives use Flash memory, 
which means the the ons 

zeros of your data are st 

on transistors. WI 

data, 

charging the float gate of the 
transistor, and a binary on 

is set by removing the charge. 
To charge it, we add electrons, 
and the mass of each electron is 
10.00000000000000000000000000091 

grams. This means that an empty USB 

drive (which mostly holds zeros) weighs more 
than a full USB drive (which has ones and 
zeros). Add data, reduce the weight. However, 
you would need to weigh more USB drives 
than exist on the planet together at once 


WINNER! 
‘Ben Chelski wins a £50 voucher 
to spendat online gadget and git 
retailer Prezzybox. From Bluetooth 
speakers and drones to VR headsets and 
‘mini submarines, Prezzybox isthe perfect 
place to find your favourite gadget 
lovers perfect present 
Find aut more at 


rezzybox.com / 


before the difference in weight became 
easily measurable. pe 


Why do dogs 
eat grass? 


PEARL GOODWIN, 


A 2008 study found that 68 percent of dogs 


regularly eat grass but only 22 per cent of them are 
sick afterwards, so it doesn't seem to be because the 
dog is ill, Wolves also at grass, and it may be that 
this helps to purge their intestines of parasites. Dogs 
may have inherited this ancestral behaviour even 


though most pet 
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AQUILA Magazine is an advanced and philosophical 
publication for enquiring minds: every issue brings an 
inspiring mix of Science, Arts and General Knowledge. 


AQUILA is not like any magazine you will find on the newsstand 
it is more like a club for inquisitive kids. They will soon di 
‘a community of other youngsters just like them 
kind, creative and curious. 
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Challenging Puzzles & hours of fun 
u Teachers & Parents love AQUILA 


GYROSCOPE.COM 


he Super Precision Gyroscope has teen designed and bul o the highast pre 


Tel 01452 905001 


OUT THERE 


WHAT WE CAN'T WAIT TO DO THIS MONTH 


ROYAL INSTITUTION CHRISTMAS LECTURES 
BC FOUR 26-28 DECEMBER 


MAKE A 
CONNECTI 


(OUT THERE 


CHRISTMAS 2017 


(© How much of our communicationis 
linked to the actual words we speak? 
Words are a critical part of 
communication, but the 

n which we 
express ourselves, Take the voic 
itself, for example, You can't see me 
right now, but youcould have a 
good guess at my age, geographical 
origins, mood and health, all from 
the way 'm talking, Our voices 
change throughout our lives. As 
women go through the menopause, 
forinstance, their voices tend to get 
lower in piteh, while m 
gothigher as they age. Thereare 
social and cultural factors, too. 
Prior to puberty, boys and girls 
should theoretically spoak atthe 
same pitch because they're the 
samo size, but we find that boys 
speak with lower voices — they're 
already picking up charactoristics 
from the men around thet, 


many other ways 


{And we communicate with our bodies 
as well, don't we? 

Yos, wo use our facial expressions, 
eye movements and body language 
A lot ofthis is intuitive and outwide 
our awaroness: aftora conversation, 
you tend to remember the gist of 
what's been said, but itean be 
harder to pull out the subtler 

things goingon. You can train 
yourself to pick up on poople's 
transient facial expressions, but 
Jot of commu 

the other person's interpretation of 
the interaction, 


ation is down to 


Can we train ourselves to use body 
language more effectively? 
Itmust be possible, because if you 
look at actors, dancers and singers, 
they learn to use their bodies in an 
authentic way: you beliew in their 
performance. But with people 
who've had a bit of body language 
training, it's like we can see their 
rt. I's tho same with bad acting, 
We're so good at using these cuesto 
work out someone's state of mind 
that assoon as something's not 
quite right, we pick up on that lack 
ofauthenticity. 


Laughter is something else we often 
fake, How do you spota fake laugh? 
Ifyou think back to the last time 


you couldn't stop laughing, that's 
the most spontaneous kind of 
Iaughter. You just have to let it 
work its way through 

to the laughter for a while, Ifthe 
laughter stops and starts quite 
quickly, then it’s being used more 
communicatively. But this more 
controlled type of laughter is a 
useful social skill, We c 
changes mildly difficult situation 
Lo a positive, safe one, 


you're lost 


seit to 


(Why did laughter come about in the 
first place? 
We're not the only animals who 


laugh, We seo it in rats—they make 
akind of ultrasonic squeaking 

there's probably more out there too. 
w found laughter, i's 
associated with babies bei 
tickled by their parents, so ils 


n tickled —and groatapes, and 


We think we're 
laughing at 
jokes, but 
we're laughing 
just as much 
for social 
reasons 


initial ro 
bonding, It may be an invitation 
play —a way for animals to learn 
and explore social roles without 
getting hurt. I'sthe same for adult 
humans. We think we're laughing 
at jokes and humour, but we're 
laughing just as much for social 
reasons, toshow that we like and 
agroe with the people we're with. 


seems to be in social 


‘What impact is modem technology 
having on communication? 
There have always been ways to 
‘communicate that aren't fac 
face. My grandparents’ generation 
lived at a time when the post was 
so quick they could have: 
conversation using postcards! 


We're very good at exploiting new 
technologies to help us sha 
messages. One of the first things we 
did with mobile phones was to 

send text messages, which noone 
from evolutionary psychologist] 


Robin Dunbar's lab which shows 


that face-to-face interaction —live 
oron-screen — leads to people 
feeling happier and laughing more 


than just listening to each oth 
and then the happiness drops off 
again for text-based interactions. 
But this study was done a few years 
ago, and I wonder if that's changed 
snow with all the w. IRs 
and emojis. Whatever happens, 

it 


jk communication isalways 


cing to be rooted in face-to-face 


rcause that's how we 
h as we grow up, 


learn to use sp 


Canemojis ever be an effective way 
to communicate? 

We have a long history of using 
punctuation to change the 
‘emotional tone of our writing, and 
that's just what we're doing with 


emoticons and emojis. We're not 


going to be comfortable sending 
-T'm unlikely to 
ssages full of them 
tothe dean of my university —but 
they can show you things you 
didn't know you needed. I 
struck by the number of emojis for 
approval: the 100 por cent sign, OK 
fingers, clapping hands, thumbs 
up. I's gro 
feedback witho to writea 
long essay on why [ thought that 
was a funny tweet 


start sending n 


What do you hope your audience will 
‘take away from your lectures? 
Thope I'll be able to do justice to the 
sheer complexity of communication, 
from basic signals like “T'm 
dangerous wasp” through to 1 
possibilities of the human w 
And one of the really powerful 
things about the Christmas 
Lectures is that they can show 

1 these different ways of 
being a scientist. Male, female, 
younger, older — there's nat just one 
‘way of doing it or one route to 

gotting there. Hopefully that'll help 
toshift some of the stereotypes, 


there are 


Sophie Scot wil be 
presentingthis years 
Ghrstman Lectures 


DAVID ATTENBOROUGH 


Attenborough’s six 
lectures on The 
Language Of Animals 
shattered the cardinal 
rule of showbiz, “never 
work with animals or 
children”. Among the 


creatures on show were a praying mantis, 
a ring-tailed Jemur and an impossibly 
cute baby orangutan. 


cture series to watc! 


CARLSAGAN 


In possibly the most 
iconic lectures of all, 
Sagan discussed our 
place in the Solar 


System and the game. 
changing discoveries 
made by the Mariner 

Gand Viking missions to Mars. It was a 

fertile time for space exploration, with 

the twin Voyager spacecraft launched 
just a few months earlier. 


HOSTS OF CHRISTMAS PAST 


ree classic Christmas Le online at rigb.org/christmas-lectures 


SUEHARTLEY 
2008, 

The botanical world 
was brought 
memorably to life by 
Hartley, with chocolate 
fountains, giant 


‘marrowsand mouth 
burning chillis all 
helping to demonstrate the ways in which 
plants cling to survival, and how we've 
manipulated plants to suit ourown needs, 


(OUT THERE 


Q2 


CHRISTMAS 


BOOKS 
GUIDE 


CURL UP WITH A BOOK 


There's no time like Christmas to get lost in a book. Here are 13 of our favourite long reads of the year 


‘THE ANIMALS AMONGUS 
JOHN BRADSHAW 
£20, ALLEN LANE 
Why do we keep pe 


beyond cuteness 


OTHER MINDS 
PETER GODFREY-SMITH 
£220, WILLIAM COLLINS 


ADMISSIONS 
HENRY MARSH 
£21698, WEIDENFE 


NICOLSON 
1014's much -lauded Do No Horm was 


;obe easy, but this secand partof Henry 


and downsof 


TO BE A MACHINE 


MARK O'CONNELL 
7 £1295, RANTA 
en hope ouseecnoigy ve hea 
mes dstu 


Neaving together psychalogy and evolutionary Smith peers into 
Science, the book wll give pet owners anewtound lopods, revealing wha 
appreciation for their furry fiends the nature of consciousness ise 
08 BEYOND INFINITY GASTROPHYSICS 
‘ NU. EUGENIACHENG ‘QUARLES SPENCE 
® £12.99 PROFLEBOOKS £959, ViONG 
Intakes a talented wnter to bringthe concept of ntivsbreeny in 
‘makes maths a delight. Oiscover why some infinite area truly multise Fe Turns out thal 
are bigger than others, and why there's always room everything from the backgroun he colour 
atan infinite hotel, even it's ful and shape of our plates atfec ‘our food 


Pp _| PATIENT HES 


VANESSA POTTER 
AT £6.99, BLOOMSBURY SCMA 
(One day, Vanessa Porter started to lose her sig 
69 =| H69documen nto darkness ~ and her 
neadene ne began to make sense ique condition, 


TESTOSTERONE REX 
CORDELIA FINE 
£14.99, (CON B00KS 


Aispelingthe m sterone createsa 
deep-rooted division between the sexes and 
discussing what ths means fr the society we ive in 


ASK AN ASTRONAUT 
‘TIM PEAKE 
220,cENTURY 


who's walked the 


‘THE ANGRY CHEF 
ANTHONY WARNER 
£1299, ONEWORLD 


Paleo, GAPS alkaline, detox 
100d fads one by one, ard asks why we're $0 easly 


aken in by pseudoscience inthe first place 


INFERIOR 
ANGELASAINE 
£1299, FOURTH ESTATE 


The second book on our list totackle gender 


stereotypes, Sani discusses how centuries of science 
have painted adistorted picture of sex aiferences, 
he impact this has had an women in society, and how 


we'e finally beginning taredress the balance 


CAESAR’S LAST BREATH 
SAM KEAN 
£20, 00U8LEDAY 


SWEARING IS GOOD FOR YOU 
EMMA BYRNE. 
£12.99, PROFILE BOOKS 


CHRISTMAS 2017 


SOLVE A 
PUZZLE 


ONLY CONNECT: THE OFFICIAL QUIZ BOOK 
JACK WALEY-COHEN 


MISSING VOWELS NTWBCKLM YSH 
renee EDKNOCL 
removed ane PPG STHW SL 
decipher them RNG SN DLM NS 


rspaced How quchlyean you 


THE PENGUIN BOOK OF PUZZLES 
® _racaveri noone 


[ARITHMETIC SQUARE 


PUZZLE NINJA 
ALEX BELLOS 


L-PANEL 


‘bein sn 
nocellse ov 
Probably bertto use 
apencil 
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GET GRAPHICAL 


This year n 2 
themed graphic novels andllustrated books 
Here are some of our favourites. 


OUT OF NOTHING 
DANIELLOCKE @DAVID 
LANDY 


£1499, NOBROW 


ANATOMY MYSTERIES OF 
©) WELENE DRUVERT & THE QUANTUM 
JEAN-CLAUDEDRUVERT UNIVERSE 
£1895, THAMES @ THIBAULT DAMOUR & 
HuOSON MaTiy BURNIAT 

£1798, PARTICULAR 


introducton to human biolog aking atom nstein and ea 


THE HEART 


THE LOST WORDS 


sc kK =e 
Tails of the 


unexpected 


Are bats as important pollinators as bees? 


Are pandas virile studs with a taste for group sex? 


Find out the truth behind some of the 
strangest animal myths and theories. 


‘Endlessly fascinating’ Bill Bryson 


Qa 


Add new life*to. your old kitchen 


WITH DREAM DOORS - the made-to-measure replacement kitchen door company 


save time, save money, save hassle 


Completely transform your old kitchen in 
as littie as 2 days w 
Off stylish} made 


kitchen doors, worktop 
© Up to 40% less than a new fully fitted 
kitchen 


@ Thousands of different styles to choose 


from 


@ Gyer 80 showrooms across the UK 


For an ONLINE BROCHURE and~a SHOWROOM near you 


% 


visit www.dreamdoors.co.uk or call 0800 044 3667 
CALL NOW for your FREE Home) Consultation and Design 


PUZZLES 


FOCUS MARKETPLACE | 


BBC FOCUS CROSSWORD 


GIVE YOUR BRAIN A WO 


RKOUT 


| 


13 


uf 


19 
2 r 25 
28 2 


ACROSS 


9 
10 
n 
B 
“ 
5 
” 
6 


19 
20 
23 


Maids came out for conventional attitude (9) 


Laugh at English friend taking it for a mineral (9) 


Thus get attorney a drink (4) 
Jacket right behind conflagration (6) 

Lodged a revision for cape in Mozambique (7) 
Feature of time, say (9) 

Retire one plan to use a compass (3) 

Endless series an military exercises 

for Polyphemus, say (7) 

‘Ashade craven (6) 

Comedy sketch setin his kitchen (4) 
Explosive returned by old sailor (9) 


Claim four worked like a vent (9) 
Plant doctor on ship (4) 

Peg gets drunk with swine (6) 

Idiot is not much ofa comedian (7) 
Recentice formation shows restraint (3) 
Let animal get confused about food (8) 
Allow piece to start for warbler (7) 
Nitrogen in advance? Not quite (6) 
Feature of each individual (4) 

Nice latch, terribly specialised (9) 
Appointtoa scientific organisation (S) 


DOWN 

1 OWNSCIDis returning to form 
‘of Judaism (8) 

2 Haphazard entry on computer 
memory 66) 

3 Rearranging did spoil some cells (8) 

4 Female soldier to endlessly astound 
old and new (6) 

5 Cleaner firm witha trainee 
getting fuel (8) 

6 Formed rind another way, like 
atree (10) 

7 Youngster to drain fish (7) 

8 Show Arctic conditions to be 
‘egalitarian (10) 

11 Picture current game differently (5) 

16 _ Improvise some pasta (6) 

19 Prattle like an ox (3) 

21 King orders tutorial, howto get 
some energy (8-4) 

22. Girls cooking European salmon (6) 

23. Armies’ task, organising source of 
uranium (10) 

24° Plane used to supply walking. 
stick (10) 

25. Fellow findsa time to blubber (3) 

28 inexperienced, run away from 
pest (8) 

29° Musical not so much like Cats ~ at 
least some (8) 

30 Gifted, thanks tofastjournalist (8) 

31 Diamonds come down inthe 
country (7) 

33 Pick-me-up, often after gin (5) 

34 Aneccentricgets one tick (6) 


Forthe answers, visit 
bitly/BBCFocuscW 
Please be aware the 
website address is 
case-sensitive 


ntact Jenna-Vie Harvey @immediate.co.uk 


Interactively explore 
objects near and far 
using Wi-Fi technology 


Celestron is not only changing the way we 
experience science, but we're also changing 
the way you interact with our products. 

You can now control many telescopes 

and microscopes with integrated WiFi 

and using your smartphone, tablet or 

other device. 5 
Exploring science has 

never been so easy 

and funt 


SkyPcRTAL 
> 

MICRO FI 

es Ce 


ge MICRO FI 


www.celestron.uk.com 


Caters rtated inte UG vlad by Ovid nds Lined Tad engi usted 


@David Hinds Ltd 


GINS AVN 


a big impact 
in any room 


Spectacular wall art from 
astro photographer Chris Baker. 


Available as frameless acrylic or 
framed and backlit up to 1.2 metres 
Je. All limited editions. 
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/ a 
Prof Raj Lada 


Hel 
‘Tree Research Centre to find out his secret formula for 


n Pilcher quizzes the founder of the Christmas 


avoiding a carpet covered in pine needles 


hate sweeping up Christmas tree 
needles, an youhelp? 
Yes. Noodle loss is a big 


levels of various genes, enzy me 
ipids and nutrients. We've 

identified a key hormone, ethylene 
that is inv 


problem. In Atlantic Canada ved, as well as vera 
where work, Christmas trees | dozen different volatile compounds 
area $100m industry. V that promote needle loss. 
export three million trees 

annually, butin the past entire | Should! water my tree? 

shipments have heen lost Absolutely. It's essential 


whon the trees lost their needles. It 


struck me that no one had a clue Isthere anything! can buy to help my 


what was going on, Soseven y tree keep its needles? 

ago I founded the Christmas T Is not in the shops yet, but we've 

Research Gentre to find out crvated something that doubles the 
time your tree will keep its 

‘What causes needle loss? needies. You add it to the water 


All our workis in our native 
balsam fir. We've compared troes 
that lose their needles quickly with 
trees that keep them for lo All our work is protected by 
found many different factorsthat | confident 

contribute. You seechangesinthe | have! 


Can you tell me what'sinit? Orisita bit 
the recipe for Coca-Cola? 


lity agreements, sol 


keep it asec 


Do fairy lights affect needleloss? 


Yes, they can actually help. We 
tested different coloured LED 
and found that white and blue 


by around 120 percent. Tre 


oop their needles longer if 


cold spell close 


ve developed 
ip with that. We 
's around the 


technologies toh 


could ship our tr 


three times without them 


pping needles. 


How about cloning the perfect tree? 
We've created somet hit 
call the SMART Christmas tree, We 
ther trees with the best 


‘meth 
9s. We now have 


and highest ne 


used tissue cult isto 


make now seed 


but they're not technically clones 


sw they contain genet 


Where can | get one? 


The embr: 


mass produced and 


to industry, Next year we 


beready for planting, but it will be 
a while before the trees are 

aval buy. A 15 

fircan take 10 yoars 


cm balsam 


What's the best tree to buy now? 
My fa 
We always have 


ne. It'sa 
andhasa 


Have you ever had an artificial tree? 


No. [never would, 


Andfinally: star or fairy? 
Ihave astar on my tree, always. @ 


Prof Raj Lada is fou 


bitly/ife_scientific 
NEXT ISSUE JASON WONG 


THE 


7) GREAT 
Y Courses’ 


Save up to 


55% 


The Nature of Matter 
Understanding the 
Physical World 


Discover How Matter 


Makes the Universe 


Matter is the raw material of the universe. Now, you can discover how the 
immense variety of matter—stars, mountains, plants, people—is created by 
a limited number of chemical dements that combine in simple, well-defined 


The Nature of Matter: Understanding the Physical World deciphers the 
ing and enlightening half-hour lectures that 
s mind. Your guide is P 


State Universi 


wards anyone with a cui 
‘level 


author, and award-winning teacher, who 


a noted researcher, textbook 


asa gift fi 


making scientific 


subjects accessible and engaging id appreciate such 


yrday life as the bounce of a rubber ball or water's astonishi 


miracles of ¢ 
powe se and examine science’s ability vo hamess matter with stich 
inventions as semiconductor circuits, new fabrics, and powe 


THEGREATCOURSES.CO.UK/SFS 
0800 298 9796 


The Nature of Matter: 


Understanding the 
Physical World 


Taught by Professor David W. Bal 


LECTURE TITLES 


4. Matter, Energy, and Entropy 
The Nature of Light and Matter 
‘A. New Theory of Matter 
The Structure of Atoms and Molecules 
The Stellar Atom-Bullding Machine 
The Amazing Periodic Table 
tonic versus Covalent Matter 
The Versatile Element: Carbon 
The Strange Behavic 
Matter in Solution 
Interactions: Adhesion and Cohesion 


Surface Energy: The Interfaces amongst Us 


Materials for Body Implants 
The Chemisty of Food and Drink 

Fuels and Explosives 

The Al We Breathe 

Materials: The Stone, Bronze, and Iron Ages 
‘Again and Again: Polymers 

Recycling Materials 

Resistance Is Futile: Superconductors 
Resistance Is Useful: Semiconductors 

‘Out of Many, One: Composites 


The Future of Materials 


The Nature of Matter 


Understanding the Physical 


vp 6499 NOW £24.99 
Video Download £2939 NOW £24.99 
co £2999 NOW £24.99 
Audio Download £2499 NOW £15.99 


Priority Code: 152297 


over 25 years, The Great 18s brought the 
world’s foremost educators to milions who 


deeper ino the subjects that matter mo: 


THE FORD MOTOR COMPANY PRESENTS 


MONDEO VIGNALE 


A NEW DEFINITION OF REFINEMENT 


OUR MOST REFINED OFFERING, WITH STRIKING, CUTTING-EDGE STYLING, FORD MONDEO VIGNALE 
REPRESENTS THE HIGHEST EXPRESSION OF LUXURY FROM FORD, 


Go Further 


